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Premium for " Original Communication," value £10, to Mr.
H. N. Allen.

"Senior Students' Premium," value jglO, to Mr. J. M.
Donaldson.

" Second Students' Premium," value £5, to Mr. M. Solomon.
" Third Students' Premium," value £5, to Mr. E. E. Tasker.
And two " Salomons Scholarships" of £50 each to Mr. Tom

Rolls Renfree, of King's College, and Mr. H. J. Tomlinson, .of
University College.

The premiums were presented by the Chairman.
The CHAIRMAN : Before I call upon Dr. Oliver Lodge to open

the continued discussion, I believe Mr. Evershed has a remark or
two to make by way of explanation.

Eversheo ^ r # E V E R S H E D : I am obliged to you for g iving m e t h e

opportunity of correcting a slip of the tongue during my remarks
at the last meeting. Professor Ayrton has pointed out to me
that, after describing a design for a circuit for an induction
telegraph, in which a line was to be laid round the county of
Kent in order to communicate with a number of lightships, I
said that I was appalled by the enormous size of the condenser,
and that this size was consequent upon the large self-induction of
the circuit. What 1 intended to say, and what, of course, should
be obvious, is that, in consequence of the very low frequency at
which the apparatus was intended to work, the size of the
condenser was necessarily large. Of course, at any given
frequency, the larger the self-induction the smaller the capacity
of the condenser—that is sufficiently obvious.

Dr. Lodge. Dr. OLIVER LODGE : I had not quite finished what I had to
say last time, and since then I have so much more to say that I
could take up all this evening if I thought it would be appreciated,
and if the audience were not anxious to get on to " wiring rules."
I am sorry to take up much of your time, but I shall be as brief
as I can. I do not apologise on the ground of the subject, how-
ever : I think the subject is eminently one well worthy of your
attention, and that three evenings is not too much time to give
to it.

Mr. Evershed has corrected one very small slip, but there is
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another little slip that I expected him to correct, I did not n.-
mention it to him, but I mentioned it to Professor Ayrton, and I
do not know whether Professor Ayrton passed it on. I understood
him to say, towards the end of his paper, that his relay at
Lavernock would receive 600 times less power than was received
by the telephone, because of the difference in frequency, if the
sending current-strength were made the same—meaning that the
power received varied as the square of the frequency. But of
course that is ignoring the self-induction of the line. In one of the
paragraphs of my paper (sec. 16) I have pointed out—what is no
doubt well known—that the current given by an alternating dynamo
can be almost independent of the speed in a circuit of low
resistance. The circuit at Lavernock, as I understand, is of low
resistance, and, although the line is straight, the greater part of
the impedance is of the self-indaction character; that is to say,
the p L term is much greater than the resistance of the line wire,
at least when the frequency is high—e.g.., at a frequency of 400.
Hence, at the frequency of 400, or anywhere thereabouts, up to
any number of thousands down to 100 perhaps, the p is almost
cancelled, and the current is almost independent of the frequency.
Hence you will find the power practically independent of the
frequency too,

E C cos a = p N . ̂ —y- • —Y approximately,

until you come to low frequencies. At 16 per second the R
certainly does constitute the denominator ; so it does, of course,
when a condenser is used to neutralise L, but I take it he was
referring to actual, not ideal, conditions.

So, also, I expect he will probably say, in reply to my
mention of the comparatively large power required to work
the relay at Lavernock, that the actual circumstances there
are rather difficult : they are not like the circumstances in
the laboratory. You are interfered with by earth currents,
and by a number of spurious disturbances, and hence the
relay must be set not in a delicate fashion. Therefore it is
not in so sensitive a condition as when he showed it here, or
as I was able to show with my receiver here. That is quite true.
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Dr. Lodjfc. The churning of the dynamo at the sending end in order
to get up enough current to work his relay is, in practice,,
laborious; and in my opinion the plan of calling by running
down the gamut of all frequencies, with the aim of getting
the right one on the way, though useful perhaps in war
time for the purpose of disconcerting the enemy's instruments, is
not a plan that will be found permanently commendable in
ordinary work. At the same time I cordially admit that Mr.
Evershed's relay is in daily work earning its living, whereas
mine has not yet had that opportunity. Doubtless under the-
disturbed circumstances of an actual line with earth connection
it is not, and will not be, possible to get any receiving instrument

; into a condition of the most refined delicacy, lest it yield to
accidental causes and furnish spurious effects.

Now coming to the power question: I only partially agree-
with Mr. Evershed in laying so much stress upon power and
energy considerations, to the exclusion of current and E.M.F..
If one knows the E.M F. available for a given circuit, one
knows the current; and when current and E.M.F. are known the
power is known, because for a given circuit the lag is definite
for each frequency; but by skipping direct to " power " one ignores
some useful factors, a knowledge of which may affect the design of a.
suitable circuit. Again, the statement that a certain signalling-
instrument can be operated by the hundred-millionth part of a
watt, or that a watt can work a hundred million instruments, is
calculated, perhaps, to strike those into whose daily practice
kilowatts and Board of Trade units largely enter; but, after all,,
of most detectors of current the same sort of statement could
be made. It would be easy to treat a sensitive galvanometer,
for instance, as a motor, if it were worth while, and to state the
ridiculously small energy needed to produce a visible deflection..
So, also, a telephone can be treated as a motor, and its already
surprising sensitiveness made still more obtrusive. Nevertheless,,
there are certainly some advantages and some useful information
to be gained by adopting Mr. Evershed's mode of treatment.

Professor Ayrton asked, last time, what power will work one-
of my magnifying telephones when a tuning-fork is employed
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as an essential part of the receiver for the purpose of eliminating or. Lodge.
accidental disturbances and causing it to respond only to those
which are of the right pitch; so I have had a special determina-
tion made, not aiming at anything excessive, but just asking
Mr. Davies to make certain measurements with the instrument in
its average ordinary condition, so as to give me the data I require.
He reports as follows* :—

Si&nens
£ldC

- - 15 metres- •

Receiving circuit* a coil, A, of 25 turns, 85 centimetres
diameter, in circuit with the little aluminium ribbon coil, c, of
the tuning-fork magnifying telephone, this coil having 36 turns,
1£ inches diameter. Total resistance of circuit, 0*9 ohm ; self-
induction, 0*005 henry ; resistance of aluminium coil with flexible
connections alone, 0-43 ohm.

The fork magnifier, F, was connected through a transformer
with a Berliner magnifier, M, and that connected direct to an'
ordinary " Western Electric " loud-speaking telephone of 2 ohms
resistance. This latter telephone, T, could be switched either
into circuit 1 or circuit 2 or circuit 3, at pleasure.

Sending circuit, a coil, Z, of 50 turns, 84 centimetres in
diameter, placed with its centre 15 metres (50 feet) away from
the receiving coil (both coils lying flat on the floor of different
rooms on the same level), and connected in series with an alternator
working with residual magnetism only, a resistance box, and a
Siemens electro-dynamometer. All leading wires well twisted

* The account which follows is one Avhich was sent iu to the Secretary before
the meeting, in case I was not able to be present, and is not verbally what I said ;
but it is the same in essence, with a few additions which I omitted to refer to for
lack of time, and with a numerical slip in the mutual inductiou coefficient. M.
corrected.—O. J. L.
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Dr.Lodge, together; the frequency adjusted to 384 per second, correspond-
ing to that of the loaded fork.

Under these conditions, if a current 0'42 ampere circulated
in the sending circuit, the telephone, T, just responded,
even when in circuit 1; in circuit 2 the signals were amply strong,
and in circuit 3 unnecessarily loud.

On reducing the current in the sending circuit to 0*1 ampere,
the telephone, T, gave no response in circuit 1, in circuit 2 it
gave usable signals, and in circuit 3 they were comfortably loud.

By taking pains, and having the telephone, T, in a quiet room,
away from the hum of the alternator and other noises, the
sending current could have been decidedly reduced without
rendering the signals inaudible in circuit 3 ; but no effort was
made in this direction, the data now obtained being sufficient.

Calculating the mutual1 inductance of the two circuits for this
case from the data given, it comes out 11*6 centimetres. [At
the meeting I said 47 centimetres, having omitted a divisor 4.]

The primary current is 0*1 ampere, or 0*01 C.Or.S.; and the
frequency is 384 per second, or p = 2,414.

So the E.M.F. induced in the secondary circuit has an
amplitude p M C = 281 C.Cr.S. = 2'8 microvolts.

The impedance of the receiving circuit is p L = 12 ohms,
so the current amplitude is a trifle less than £ microampere.

Ignoring the lag and taking the maximum possible power,
it is thus found to be about 0*63 micro-microwatts for the whole
receiving circuit, and of this only a fraction (say about a half) is
consumed in the actual coil of the magnifying telephone.

But taking the lag into account the power is really much less,
p L 12

for tan a = ^5— = ^7^ approximately, or say 12 since there may
be a trifle of throttling ; so a = 85°, and cos a = O08.

Wherefore the power needed by the ivhole receiving circuit
is a twenty-millionth of a millionth of a watt; and this must last
for about the tenth part of a second in order to give a signal. To
give a call—i.e., to ring a bell—it must last longer—a whole second
or two, for instance; but in no case can the power be considered
excessive.
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If a condenser is inserted in the receiving circuit to abolish rn-. i,odffe.
the lag, the induced current rises in strength, and with it the
loudness of the sound, enabling the sending current to be still
further diminished. But the received current here measured is
the current needed to make the magnifier decidedly respond ; and
it amounts to 9 microampere-turns. Though, as said above,
with care this could be reduced. As it stands it is about 120
times as sensitive as Mr. Evershed's estimate of the ampere-turns
required for an ordinary telephone, and that is about what one
might expect.

If we prefer to reckon the watts as R C2, taking into account
only the energy dissipated, we get for the energy expended in the
above coil c per second 0*43 x 0055 x 10~12 = one-quarter
of the ten-billionth of a watt; agreeing very well with the
above estimate of half the ten-billionth of a watt for the entire
receiving circuit.

Wherefore the energy needed to pull, as it were, the micro-
phonic trigger and stimulate the series of magnifiers into the
production of an audible signal is less than the ten-millionth of
an erg—i.e., less than the thousandth part of a milligramme
dropping the thousandth part of a millimetre.

Observe that in Mr. Evershed's relay there is a visible motion
of the rectangle. The wire coil moves in a magnetic field, and
you get a back E.M.F.; but here there is no perceptible move-
ment. It is simply required to vary the pressure of the carbons
in the microphone. There is nothing like a perceptible motion;
it is something almost molecular, and I suppose there is no back
E.M.F. to speak of. [See footnote below, however.] All that the
signalling current has to do is, as it were, to pull a trigger, and
thereby throw fresh energy into the circuit from the local batteries,
and the resulting energy in the final telephone bears no necessary
relation whatever with that of the current in the circuit which
pulls the trigger or stimulates the whole into activity.

The existence of any appreciable back E.M.F. due to the
motion of the receiving instrument will reduce the current as
now estimated, and therefore reduce the power actually available
below, the present calculated power. But of course this back
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Dr. Lodge. E.M.F., if data could be got for it, would give the actually useful
net power, and so the efficiency of the telephone considered as
a motor.* But I take it that what we want is not the minimum
or net power—not the power on the brake, so to speak—but that
it is the gross power supplied to the receiving circuit that we
ought to estimate.

Although the current here detected by the arrangement is as
great as £ microampere, yet that is a small current for a coil of
only 36 turns, and less than half an ohm resistance, to detect;
and by substituting a fiue-wire coil the perceivable current must
necessarily be very minute. I have no doubt that the magnifying
telephone must be the most sensitive detector of alternating
currents of low frequency yet made; though the eye and the

* Note added 14<A January.—Taking a hint from Mr. Evershed, it may be
worth while to make a rough estimate of the back E.M.F. probable or possible in a
magnifying telephone with imperceptible excursion for its coil. Hitherto, I had
treated this E.M.F. as negligibly small, being satisfied that whatever value it had
would only go to improve my estimate of the smallness of the total available gross
power. But, on considering the matter, I see that the back E. M.F. is likely to bear
;a very fair proportion to the applied E.M.F., and may even come up to the most
advantageous " half."

A coil of 36 turns, l j inches diameter, vibrating across the lines of force a
distance 2 x in a field of induction density B, at a frequency 3S4, will generate
an E.M.F. whose root-mean-square value is

e = 2 nn r xp B l/v/2 = 252 x 2,414 B x.
"The field intensity in the narrow air gaj) of one of my magnifying telephones,
when moderately excited, is usually a little more than 10,000 CGiS.; so a- reason-
able value for the back E .M.F. is

e = 60 x 10s JCC.G.S.

= 60 x volts.
The applied E.M.F. in the receiving circuit (for the production of a faiutly

audible note after one magnification) was found to be three microvolts = 281
C.G.S. (see above); so the move'rnent x needed to give a back E.M.F. com-
parable to half this magnitude is i x 10"7 centimetre—i.e., half the thousandth
of a micrometre, or half a millionth of a millimetre (the so-called ft.fi) ; a quantity
closely approaching molecular magnitude, and a very reasonable sort of quantity for
the amplitude of the faintest perceptible inicropbonic disturbance. I find that
the actual induction density employed in the trial was 12,000 C.G.S., and so the
actual microphonic excursion used for the weak signals was probably not very
different from the estimate just made.

As a check, I will take Lord Rayleigh's calculation of the energy of a tuning-
fork with a given amplitude, and see how that agrees. The energy is %mp-x-,
where m is the mass of either prong; for a 512 fork loaded to 384 let us say
m = 60 grammes : then the energy at half a milli-micrometre amplitude is

• 15 x (1,200)2 xlO— u = 2 x 10- 7 erg, which is of the right order of magtritude.
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photographic plate probably surpass it when the frequency rises Dr. Lodge.
to hundreds or thousands of billions per second.

Lord Rayleigh estimates that an acoustic amplitude of aerial
disturbance of 10~7 centimetre is certainly audible (at a frequency
of 2,700), and possibly 10"8 centimetre. The energy per unit
volume of such a disturbance is \ e (2 TT a/A)3, or—what is the
same thing—£ p'p- a?; and, since the elasticity of air is 14 atmos-
pheres, and the velocity of sound in it is 33,000 centimetres per
second, the power received per unit area is

40 x 10 "15

33,000 x 0-7 x 10° x

x 10-6C.G.S.

144
33 x 7

36
= 6 micro-ergs per second on a square centimetre.

Regarding this as the order of magnitude of the power needed
to affect the ear, the power required by the eye appears to be not
very different (see Rayleigh's " Sound," art. 384, footnote).
Assuming that the eye needs the same minimum power as
the ear, and taking the aperture of the pupils of both eyes
in the dark to be not far short of a square centimetre, and the
energy per unit volume of light to be 4 ir fj, C~—where C is the
average strength of displacement current existing in the beam—
the power received by the eyes per second would be 4 tr /x v C2.
But fi, v =• 30 ohms ; so, expressing the above postulated minimum
power (6 micro-ergs per second) in watts and the current in
amperes, we get \2{ x 30 C3 = 6 x 10~13, or C = ^micro-
ampere. This would mean that the eye can detect an alternating
current of appropriate frequency whose strength is about the
twenty-fifth, or, since 6 micro-ergs is probably an over-estimate,
say the hundredth, of a microampere. It would therefore seem
as if a magnifying telephone could be made as electrically sensi-
tive as the eye.

Returning to telegraphy: I have no objection to taking Mr.
Evershed's expression (4a), page 855, for the power received at a
distant station under the most ideal conditions, and seeing what
distauce it suggests as possible with a given power and weight of
copper.
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Dr. Lwijfi'. Take a ton of copper, distributed in a couple of squares 1
kilometre in the side, and apply 1 kilowatt at the sending station,
with frequency 400 : then the distance at which it can affect a
magnifying telephone under the most favourable ideal circum-
stances is given by

p s3 V /Wp 2,500 x 1010 x 105 / 103 _ 10**
~~ 32 p ' V W,~~ 32 x 1,600 ' v 1Q-13"~ 205'

wherefore
10s

D = —— = 1 6 0 kilometres, or say 100 miles.

The most potent factor towards increasing this distance is
size of circuit: increasing the linear dimensions of both circuits
increases the distance in about the same proportion (the two-thirds
power), whereas increasing the horse-power applied to the sending
circuit is but of little use. Nor does the advantage of increasing
the sensitiveness of the detector make itself rapidly felt; bulk of
copper and size of circuit are more effectual. This simple mode
of calculation, however, will by no means bear pushing to
extremes, and the whole subject is gone into more thoroughly in
my paper. It is quite true, however, and convenient, that there is
no necessity for the expenditure of much power at the sending
end, if all the other arrangements are good.

Now a few words only about opacity calculations—that is to
say. the damping by the intervening layer of an electrolyte such
as sea-water. I have gone into that pretty fully since last time,
and I think I have got to the bottom of it, and realised the sort
of reconciliation that there is between Clerk Maxwell's calculation
of opacity and Mr. Whitehead's calculation. They turn out both
right, but both refer to different cases. They are both extremes,
and if either is wrong in its application, it appears to be Maxwell's.
Maxwell applies to gold leaf a theory which is not, in my
judgment, quite applicable to gold leaf; and he gets a trans-
parency for gold leaf vastly less than experiment gives. But
Mr. Heaviside has given a more general solution, which includes
the whole of these two extremes; and this, when one comes to
work it out, reconciles the whole thing and makes a satisfactory
calculation. I propose to say something about that at a meeting
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of the Physical Society—perhaps the anniversary meeting, on Dr. Lodge,
the 10th February—and so I need not say any more about it now.
But I would just like to ask Mr. Evershed whether, as a matter of
fact, in bis experiments on the Groodwin Sands, the ship was of
iron, and whether the cable was inside or close to the sides of the
ship, because, of course, that would screen a great deal more than
the sea-water. Further, with regard to the submerged cable —
the cable at the bottom of the sea—was that sheathed in iron ?
because, if so, no further explanation is needed of the failure of
the experiment: the sea-water would short-circuit the iron sheath
and constitute it a closed secondary close to the primary.

With regard to the absorbing action of liquid conductors in
general, I did make a few experiments myself on the effect of the
neighbourhood of conductors, some six months ago; putting near
the primary coil a sheet of copper, which, of course, produced a
great weakening, as one might expect; and a sheet of tin-foil, which
produced very little ; and a pan of dilute acid, which produced no
appreciable effect. • Hence I thought it likely that liquid con-
ductors, being of so high resistance, need not be very much taken
into account. I did not try immersing the coil in acid, for I
was not then thinking about a submerged cable and an intervening
stratum ; I was thinking only of the effect of earth or sea on
cables laid on or near its surface. The experiment was not an
exhaustive one, and the result was by no means conclusive, but
it indicated that no very serious or fatal disturbance due to the
earth's conductivity was to be expected at any ordinary distance.*
And my two-mile experiment between College and house is in the
same direction ; for most certainly it is a case of pure induction—
there are no earth connections.

I mentioned last time that I had requested Professor J. J.
Thomson to attack this subject, viz.: a primary coil supported
horizontally on poles at one part of the earth, and a secondary coil

* Note added January \kth.—On this Mr. Evershed makes the interesting
remark that when the inducing circuits are varied in size the conductivity of the
screening medium should be varied too, in order to make the test applicable on a
different scale. This is perfectly true, and it is a point I had overlooked. The
damping will depend partly on the ratio of absolute size to conductivity.

VOL. XXVII. 62
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Dr. Lodge, similarly supported at another part of the earth's surface, to see
what effect on the mutually inductive influence of those two coils
the conductivity of the earth would have; and I said I had just got
the beginning of a solution from him at the last meeting, though it
was at a stage very much in the air, full of spherical harmonics, and
difficult to apply as it stood. In any case the calculation is compli-
cated. Yesterday I had another note from him to say that he had
been working at the problem further, and he came to the conclusion
that, if the whole earth conducted anything at all as well as sea-
water,—if the whole body of the earth conducted as well as that,
—if that amount of conductivity existed at considerable depths in
the earth,—then you might almost as well have the earth a perfect
conductor. Now, if the earth were a perfect conductor, naturally
the magnetic force at its surface would be wholly tangential, and
there would be no vertical magnetic force for a horizontal secondary
coil to feel. Hence it appears that the telegraph will not work
with horizontal coils if the earth is as good a conductor as sea-
water. One may look at it from an elementary point of view.
Taking the earth as a perfect conductor, then we need only
consider a perfectly conducting shell, and I suppose.one may say
that a coil on that shell will be imaged by a coil beneath, and
that the current induced in the coil beneath will be in opposite
phase to that in a horizontal coil-above ; and hence at a distance the
vertical magnetism will be weak. Now this is very deadly. Sup-
posing it gets borne out by examination and criticism—and I'think
it is likely—this is very deadly to horizontal circuits. I do not
see Mr. Preece here to-night. I am sorry not to see him here,
because I think he will be glad to hear that I am coming round
to the notion of vertical coils. I have been coming round
gradually to the notion that vertical circuits may, after all, be
better than what I at first started with—horizontal circuits; and
this result of J. J. Thomson is a tremendous argument in favour
of vertical coils, for he has also calculated what the effect of
vertical coils would be. ,If you set up coils in planes per-
pendicular to the earth, then the conductivity of the earth, so
far from hindering, actually helps. That also one may see if one
takes an extreme case—takes the earth as a perfect conductor.
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At least, I suggest it. Think of the surface of the earth as a Dr. Lodge,
horizontal mirror, and then think of a vertical coil; let a current
be started in the coil in one direction, and attend now to the
imaged coil. The starting currents in adjacent parts will be
inverse. Or one may say that, whereas the lines of force in the
horizontal coil pass in the same direction through the image, the
lines of force of a vertical coil come out and pass in an opposite
•direction through the image. The consequence is that the coil
and its image are in the same phase—both coils are pulsating
together—with the result that they increase each other's action,
:so that at a small distance the effect of a vertical coil is doubled
by reason of perfect conduction in the layer of earth below. A
.semicircular conducting arch would be virtually completed by
earth reflexion, and the lines of force grazing the surface would
be reflected or continue tangential. I do not suppose the effect
will be so simple as that, with the actual earth, but at any rate it
it appears to represent a great advantage for vertical coils.

One word more, however, about those horizontal coils. The
damping effect, as calculated, appears to be about the same at all
distances. Whatever effect the earth's conductivity has, appears
at first sight, on the theory, to be independent of distance.
But that can hardly be the case, because if the coils are near
together they do work. The chief question is, What will happen
when they are far apart ? If the damping were really the same
at all distances, then it would not be so deadly, and a measurement
of what the damping actually is, would give us information about
the conductivity of the deep parts of the earth, and be of
•geological interest. But it appears that when the coils are close
together there is a certain series which need not be convergent,
and that the effect of coils close together, within very small
angular distance, must be separately examined; and that has not
yet been done.

I would just like to say why I had been specially thinking
that vertical coils would be, in some other respects, good. They
would be especially good for ship-signalling. It has always been
a difficulty how to put a horizontal coil on board a metal ship, so
near a conducting mass, without its being altogether screened.
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Dr. Lodge. Mr. Preece, I think, urges that the right way to put a circuit on
a ship is from the bowsprit to the top of the foremast, along the
tops of the other masts, and down to the stern, taking the wire-
across the masts like that, and then, I suppose, connecting to the
body of the ship or using an earth-plate. I agree, and I think
earth-plates are often good things, because you get the advantage
of earth-tapping as well as of induction; and indeed I think very
often earth-tapping is the greater power. But why should it not
be ? The earth-tapping method is quite a good method; its chief
trouble is that it introduces spurious earth currents. Suppose
now that a vertical cable is made part of the rigging of a ship r

the disadvantage of a ship arranged like that is that its receiving
power or signalling power will depend upon its aspect. It can
signal broadside on, and it can signal with less intensity end ony

but it cannot signal in every azimuth. That is a disadvantage
from some points of view, but it becomes an advantage from
other points of view. People often say what a great thing it
would be in a fog if you could signal to a ship, or a ship could
signal to a lighthouse; but picture to yourself a fog. A ship
with a horizontal coil comes, and she hears the signal of a
lighthouse, and is able to speak to the lighthouse and asky

"What are you?" and the lighthouse responds. Then the ship
says, " Where are you ? " and the lighthouse says, " Well, you cart
" look at your chart to find where I am." Then the ship says,
" Well, where am I? " and the lighthouse says, " I don't know : I
" cannot see you; but you sound pretty near, and you had better
" take care." That is about all it can get; and if its apparatus
happens to be in rather feeble order, it will think it is far off
when it is not. It cannot even tell the direction whence the
signal comes, because for horizontal coils every azimuth is the
same. Hence the ship can only make a very rough estimate of
distance, and cannot be told where she is, so the signalling
apparatus does not help her very much. Now contrast this with
the case of a vertical coil. The ship can swing round. Supposing-
she is in a fog, and hesitating where to go: when she hears the
noise, she swings round, and finds the influence gradually increas-
ing till she is in a certain aspect, or else gradually diminishing
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•and ceasing when she is in another aspect; from these observations Dr. Lodge.
:she can make an estimate of the direction of the signalling
.station. She may have a difficulty in knowing whether it is
towards the bow or the stern, and that may be awkward.
But I think you can make it do more than that. Sir Henry
Mance last time suggested signalling by two notes; he meant,
I believe, instead of dots and dashes, a right and left signal,
:as it were, between two bells—two notes. I do not know that
that would exactly suit the inductive method, as far as I
see at present; but, at any rate, a modification of it would
•suit two different stations. Supposing a ship is wishing to
•enter a harbour (diagram). On one side of the harbour is a fixed
station, signalling magnetically a certain note —we will say the
note C—while on the other side of the mouth of the harbour is
.another signal station, sending another note—we will say note E ;
•and outside is the ship in a fog, with apparatus attuned to both
•these notes. She will hear the chord of a major third if she is
pointing straight for coming in. If she were to turn round a bit
now, she would hear one increase and the other decrease ; and if
she got exactly conjugate to one station, that note would cease
to be audible, and the other note be heard alone. Very well,
then she can take her bearings by the compass and say, " That
'• station bears so and so; " next, she can turn back again till she
gets silence on the other note, and so take her bearings on the
•other station. Having done this, she could, I suppose, now lay
•off on the chart the bearing from one station and the bearing
from the other station, and, producing them till they intersect,
find out exactly where she is. This suggestion needs a good deal
•of developing before it is practical; but it may contain a germ.

I am obliged to Mr. Preece for the offer of the powerful aid of
the Post Office service in connection with further experiments, for
I feel that by thus working in conjunction with the Grovernment
:somothing good can be accomplished, and most of the outlying
• island and lighthouse stations be gradually welded into permanent
-^communication with the adjacent coast. I believe that much
more than this can be accomplished, and that it will be attempted
'before long, either by America or by ourselves. It now only
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Dr. Lodge, requires a little friendly co-operation and absence of rivalry to-
put the matter on a sound basis, and to begin to work towards a
rapid extension of communication with coast stations, and, I
hope, also possibly with scattered and at present isolated parts of
the world.

^r« W* **• GrRANViLLE: In attempting to discuss Dr. Lodge's
most important and valuable paper, I propose to emphasise the
practical side of the problem, because it is well for us as electrical
engineers to have some idea of the difficulties that will probably
arise in the practical application of wireless telegraphy. It is-
clear that, if wireless telegraphy is to come into general use, it
will largely be limited to those cases where ordinary telegraphic
communication is not practicable; and, according to one's own
experience, such exceptional cases present exceptional difficulties,,
which will in many instances completely bar any such system
yet described. But before referring to this phase of the subject
I should like briefly to refer to the work of one of our Past-
Presidents ; his name was mentioned at our last meeting by
Major-General Webber—I refer to the late Mr. Willoughby
Smith. Some of you may remember, on the occasion of his-
Inaugural Address in 1883, that he described a large number of
experiments relating to magnetic induction; and, fortunately, I
am able to show here one of the original diagrams by the aid of
which, and by actual experiment, Mr. Willoughby Smith
demonstrated many of the laws of magnetic induction, and at
the same time measured the absorption when plates of various
metals were interposed between the sending and receiving coils :
the results of these measurements are recorded in the Journals of
this Institute. In Fig. A the inducing coil is shown on the
left, and the receiving coil on the right, and a screen of metal is
shown symmetrically placed between the two coils. Since our
last meeting opportunity has been found to determine more
accurately, by means of a chronograph, the effect upon the
induced current caused by the interposition of metal plates as-
shown in Fig. A; and Fig. B shows the results obtained,
and clearly indicates the detrimental effect produced by the near
presence of conducting bodies. If time had permitted, I should
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like to have referred to this at greater length, but I will simply
mention that Mr. Willoughby Smith on that occasion suggested the

UJ
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Mr.
Grthville.

use of magnetic induction for telegraphing with trains in motion,
and for other purposes. The idea, however, was not very well
received at the meeting, but times have changed since then.
During the last ten years or so, Mr. Willoughby Statham Smith
and I have had the task before us of devising some practical
system of telegraphic communication which should be suitable
for those positions to which ordinary methods are inapplicable,
such as outlying rock lighthouses; and we have made a large
number of experiments in the laboratory, and also at the Needles
lighthouse, in Alum Bay. The results of these experiments were
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such that we devised a system that should be applicable to out-
lying rock lighthouses, and on the recommendation of the Royal
Commission on Lighthouse Communication, and by direction of
the Post Office, we practically applied'the system to the Fastnet
lighthouse. Now that lighthouse affords so excellent an object-
lesson—it being one of the cases where wireless telegraphy, if it
is to be of use, must be able to adapt itself—that I do not think
you will consider it waste of time if I ask for a photograph to be
thrown on the screen, so that you may 'better realise the
difficulties which have to Tie met with in those exceptional cases
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which are so peculiarly suitable for its application. \_Slide.~] The Mr.
photograph was taken on an ordinary August day two years ago.
The rock is always surrounded with a belt of foam, and no
landing can be made on the rock, except by means of a jib
58 feet long—not at all a pleasant proceeding. Now here is a
•case where the Government desired to effect communication
-telegraphically, but, as had been proved by very costly experi-
ments, it was impossible to maintain a continuous cable, the
•cable being repeatedly broken in the immediate, vicinity of
the rock. This, therefore, is a case where some system of
(wireless telegraphy is absolutely necessary, but neither of the
•systems yet described would answer here. Dr. Lodge advises us
to eschew iron, and to avoid all conducting masses. But the tower
and all the buildings are built of boiler plate, and that which is
not of iron is of bronze. In fact, the rock itself is the only bit of
,non-conducting, and therefore non-absorbing, substance for miles
.around. It is very clear in a case of this sort—and this is a
.typical case—that it is absolutely impracticable to employ here
.such a method. Now we hear in regard to the method used—
and successfully used—at Lavernock, that a certain base is
required, of perhaps half a mile, a quarter of a mile, or a mile in
length ; and that base must bear some proportion to the distance
to be bridged. But where can you get any such base on the
.rock ? You could barely get a base of 20 yards, so that method
.utterly fails. Then we come to the case suggested by
Mr. Evershed, of a coil which would be submerged round the
rock. Well, where would the coil be after the first summer's
breeze, let alone after a winter gale ? Why, probably thrown up,
(entangled, on the rock. A few years ago, during a severe gale,
the glass of the lantern, 150 feet above sea level, was smashed in;
.and at the top of the rock, 80 feet above the sea level, the men
d̂are not, during a winter's gale, leave the shelter of the hut for a

moment, for, as they said—and I can well believe it—they would
be swept off like flies. This is a practical point, and, therefore,
<>ne I am glad to bring to the notice of the Institution; and, I
-repeat, if wireless telegraphy is to be of use, it must be of use for
these exceptional cases. • .; . " . ,.;•
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Mr. I will ask for the next photograph, showing how we surmounted
Granville. . .

the difficulty. \J3lide.~\ There you see a plan of the harbour of
Crook Haven, 8 miles from the Fastnet Kock, the latter being
drawn out of scale for the sake of clearness. If you suppose
Mr. Preece's base line on Lavernock rotated so that one end is
brought out to the near vicinity of the rock, then you have an
approximation to our own method—it is wireless telegraphy
reduced to its least common measure ; and of course there is no
virtue in increasing a difficulty: our object as electrical engineers
is to find the simplest means of overcoming a difficulty, and here
only that part of the path is wireless where it is impossible to
maintain a wire, and thus, instead of needing a dynamo for
signalling, we are readily able to signal with a few Leclanche cells.
The end of the cable in the immediate vicinity of the rock, just
outside the belt of foam, was connected to a mushroom anchor
weighing 5 or 6 cwts., and submerged in 12 fathoms of water; so
that by sea leakage we are enabled to pick up by the two rock
" earths " a small fraction of the sending current, and now the
lightkeepers exchange daily messages with the shore. The rock
is as hard as granite, and we took about three months to cut a
chase down the side of the rock, and embedded one of the earth
lines therein ; but, unfortunately, its lower portion was washed out
three weeks afterwards. Not to be defeated, however, we then
used a diamond drill, and bored a hole 40 feet down through the
rock, so as to emerge far below the water level. On one side the
drill refused to come out, because the rock sloped a little, but a
small fissure at the bottom of the hole gives some contact with
the sea. We hope to get permission to put in a small charge of
gunpowder so as to enlarge the fissure, or else we may have to
drill again. In the meantime, however, signals are exchanged
daily, and I merely mention the matter as an illustration of the
difficulties that will have to be contended with in wireless
telegraphy, if applied where it is needed, and not simply in
selected places.

I do not propose to enter very fully into the discussion, but
I should like, with some little diffidence, to refer to a statement
in Dr. Lodge's paper where it is said that the whole matter
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whether wireless telegraphy is assisted most by induction or air.
conduction might be settled by experiment, but that if either
coil were not earthed an experiment would be absurd. Now is
that necessarily so ? That is to say, if the transmitting coil has
no " earth" connection, is it absurd to suppose that another
circuit with ends " earthed'' could possibly pick up the current
by conduction ? Surely wherever the lines of force cut a
conductor a current is induced, whether the conductor be the
receiving coil or a portion of the earth's surface; and that
current in the earth might be picked up, I take it, by any
earthed circuit in the neighbourhood—for instance, the telephone
lines in Cheshire, as referred to in the paper. Mr. Willoughby S.
Smith and I made an experiment during last week on a canal
barge; and the results led us to think that this is the case—that
conduction, even where the receiving coil is not earthed, may
largely assist. This may explain why Dr. Lodge was only able
to signal a distance of two miles "in free space," and yet
in Cheshire they were able to hear the signals on the telephonic
system. Mr. Preece, in his paper, mentioned an experiment tried
with a certain length of wire,—the wire first being suspended
in a straight line on poles and ends earthed, and then compared
as a sending circuit with a similar length of wire made up
into a coil; and the paper points out that very much better
results were obtained by the former method. Yes; and is it not
probable for the same reason as indicated above ? All our own
experiments—and we have made a very large number—tend to
show that that would be the result, because of the great benefit
obtained by earth leakage, or, rather, conduction. And from the
results of our own experience we have come to the conclusion
that, after all, whether we are using the Hertzian wave system
or the coil system, or whether we are using the system used at
Lavernock, Mother Earth does affect the results much more than
the ether of free space. And it is a fortunate thing that she
does, because the energy is thereby confined in a comparatively
thin layer of conducting earth instead of being dissipated in space.

In conclusion, I should like to say that this matter has been
brought up from a practical point of view—not with the slightest
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Mr. idea of diminishing: or depreciating work that has been so well
Granville. fa i 5

done and described by Dr. Lodge, but rather to present the
practical side of the problem as derived from actual experience.

Sett1" Captain W. P. BHETT, E.E.: After the last speaker, I do not
think I need offer an excuse for introducing the practical side of
the question. Personally, I regret very much that Dr. Lodge has
ajDparently forsaken the experiments with Hertzian waves; because
1 think myself, if it comes to a case of the survival of the fittest,
that it is the Hertzian wave method that will survive. Apparently
many here are not acquainted with what has been done in con-
nection with the Hertzian wave method, and, as I have had rather
exceptional opportunities of watching its progress, it may interest
you to know. In the first case Mr. Evershed pointed out that the
.electro-magnetic methods certainly possess the considerable
advantage that calculation with them is easier; on the other
hand, the wave method possesses the advantage that experiment
is very much easier. When you come to consider one - detail
alone—viz., to try the effect of increasing distance—with electro-
magnetic methods you have to transfer your tons of copper to
these different distances. Compare with this the act of trans-
porting a vertical wire, which may be effected with almost as
much facility as towing a toy balloon. I think that this is borne
out more or less by the indebtedness which every experimenter
.with electro-magnetic methods (and one may add, too, with
• Hertzian wave methods) owes to Mr. Preece; because, without
-having a large private estate at your disposal, or the facilities of
the Post Office authorities, 1 do not think it is very feasible for

•people to carry out experiments on anything like a large scale.
:I myself am glad to have the opportunity of acknowledging my own
^indebtedness to Mr. Preece for his ungrudging assistance. I do
not think that the statement made in Dr. Lodge's paper that Mr.
.Preece's system is the only one in actual regular work can be quite
accepted; because Mr. Marconi has for nearly 12 months been
•exchanging messages daily between Alum Bay, Isle of Wight, and
.Bournemouth, a distance of 17. miles. Oh the 8th December
dast I had the pleasure of exchanging many messages between
• '" Sandbanks," near Poole,.and Alum Bay, a distance.of 18 miles.:
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I want to emphasise that distance, 18 miles, and ask you to captain
1 ' Brett,

consider it in the light of the calculations which you find in the
papers, and also to note that it is nearly six times as far as the
existing installation between Lavernock and Flat Holm. The
excellence and certainty of the messages sent, I assure you, leave
little to be desired. It may also interest this meeting to know
that since the date of the last meeting the difficult problem of
communication between a lightship and shore has been practically
and satisfactorily solved. Certain details have appeared in the
public Press, which are, however, wanting in accuracy. Since last
Christmas Eve the East Goodwin lightship has been in un-
interrupted communication with South Foreland Lighthouse, a
distance of over 12 miles. I had yesterday the pleasure, by the
kindness of Mr. Marconi, of seeing the working of the installation.
I have here some of the tape records of the messages received at
South Foreland in my presence. Yesterday was a practical test;
in everyway. The weather was exceedingly stormy; the Channel
traffic was stopped. In some of the messages there was internal
evidence of the state of the weather. The motion of the lightship
was too much for the assistant on board. However, a very im-
portant practical point was brought out—that whenever the
assistant was hors de combat, one of the seamen on board, who
had a certain acquaintance with the Morse code, maintained
the communication sufficiently well. I have here two messages
sent by one of the seamen after a week's practice. It has
been stated that iron masts and wire stays would interfere
with messages being received on board. The East Groodwin
lightship has iron masts and it has wire stays; they apparently
make no difference whatever. That will be interesting to the last
speaker, because I presume that even with boiler-plate lighthouses-
there need be no interference. Other interesting points are that
the alternators which are used at the South Foieland lighthouse-
do not affect the system, even when the vertical wire is brought
within one inch of the alternator circuit; and also that telephones
in the same building are quite uraffected. That is an important
point for many practical reasons. I am personally, of course,
mainly interested in the application of the system for military
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captain purposes, and any system that interferes with telephonic
Brett.

communication is out of the question for coast defence, where
telephones are used to a large and increasing extent. Also there
is a fatal want of mobility about these electro-magnetic systems,
whereas the vertical wire coherer system possesses a very fair
amount of mobility indeed. Previous speakers have laid some
stress on speed of signalling. . Although it is a consideration,
I think it is a very secondary one. Space telegraphy is not going
to rival telegraphy with wires at all, but. it will afford means of
telegraphic communication where previously it was impossible,
and people who thus acquire facilities of communication are not
going to gramble because their messages are sent at 10 words
a, minute instead of 20. There is one other point, in reference
to the suggestion of Dr. Lodge that " earth conduction plays a
" considerable part in some of the coherer signalling which is
•" supposed to occur by means of the waves in space." Mr. Marconi
made an experiment yesterday, at my request, bearing on that
point. The experiment was this : While a message was being
received (that is to say, from East Goodwin lightship, 12 miles
away), the earth connection of the receiver was completely
removed, with the result that the message was not interrupted
in the slightest degree. If any change at all was perceptible, it
•was that the signals were rather more powerful than before.
In this case, if the signals were not due to Hertzian waves, what
were they due to ? I think the experiment is fairly conclusive.
I am bound to say it surprised Mr. Marconi himself. The earth
connection does not appear to be a necessity of the receiver.
It is a necessity of the transmitter, and I fancy that the reason
is, that it assists in conferring on the spark discharge that sharp,
snapping character which indicates " oscillation." Although
I confess to be- a believer more in the possibilities of the Hertzian
wave telegraphy, I admire as much as anybody the extraordinary
beautiful apparatus which Mr. Evershed and Dr. Lodge have
shown us here j but there is no question that, without detracting
in any way from Mr. Marconi's share of the credit, the success
of the Hertzian wave method is in no small measure due to the
early labours of Dr. Lodge in this field. '
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Mr. DANE SINCLAIR: This is a question which is highly Mr.Sinclair,
interesting and instructive, and we have all enjoyed it very
much. But there are two points I should like to draw attention
to. The first is that the word " earth," or " ground," has been
referred to as a common quantity—that is to say, as if the earth
behaved in different places on its surface in a constant way.
From a very long experience of using the earth in a practical
way I find that it varies very much indeed. What is an infinite
earth—as telegraphic men call it—in one place, is practically or
nearly not earth at all in another place. I am quite sure that
our scientific friends will excuse me if I point this out to them.
I feel sure that the bottom of this subject will never be reached
until it is fully realised that the earth in some places is an
excellent conductor, and in other places nearly, or very nearly, an
insulator. I think in practice it will be found, speaking
broadly, that where you are about the level of the sea, with a
sandy soil, it is almost impossible to get anything like a good
earth. Where you get into a clay soil it is very rare not to get
good earth. Another point that may be borne in mind is this—
that to.get an earth for two points that are distant 50, 60, or 100
miles is an easy matter; but to get an earth for a point that is
only distant 20 yards, or half a mile, or a mile, is quite a
different matter altogether. That I know myself from very
long practice, and I think almost all telephone men would bear
that point out with me.

There is just one question that I should like to ask Dr
Lodge, as it is of some importance, and of very considerable
interest to me; and that is, what I would .call his stepping up of
the telephone receiver from the first to the second and from the
second to the third, circuit, getting there a larger effect than he
got in the first. I frankly admit I have not studied it very
much, but if that process could be reversed, and you could get
the stepping-up motion from the reverse way, then we should
have a relay in telephonic work that would have an immense
importance. Away from .wireless telegraphy, -there might be
something taught to us here. that would be of much practical
importance. In. experiments that I bave made.with it, you have
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Mr. Sinclair, always to remember that , while we could step up, t h e other man
from the other end has to speak backwards; and if you step his
communication down as much as you step the first man's up, t h e
final result is t ha t you have lost something and gained nothing.
Bu t perhaps Dr. Lodge has considered i t from this point of view.
I have listened with great pleasure to both papers, and I cannot
sit down without saying one word of admiration for t h a t
enormously sensitive relay which Mr. Evershed has shown us ,
al though for me i t is difficult to see how i t could be very much
more sensitive than an ordinary telephone receiver, which seems-
to respond to infinitely small currents wherever they are.
There is one point tha t I th ink might be more strongly in t h e
minds of experimenters on this question. If Dr. Lodge is-
working in the vicinity of Liverpool with his . coils, causing great
influences in the air around them, he will of course be affecting
conductors tha t run all t he way up to London; and if another
man is listening in London for tha t effect, there are two ways in
which he may get i t—one by conduction through the earth, and
another a way tha t he may not be th inking about at all, namely,
by conductors passing through the air in Cheshire and going
through the other counties and on arriving in London
retransmit t ing i t into the circuit of the listener. I can assure
members tha t in practice i t is not so easy to get free of all these
elements, and to say with any degree of certainty t ha t the result
obtained is what i t appears to be. Of course this discussion is a
cheerful one, and I for one welcome i t very much into th i s
Society.

Mr. Brown. Mr. A. C. BROWN : I should like to say a few words with
regard to a very important par t of the discussion which has
been brought out both in Dr. Lodge's paper and Mr. Evershed's —
tha t is, the frequency which it is best to use for t ransmit t ing
by induction, and, possibly, earth conduction, in an ordinary
wireless telegraph. I think tha t r igh t through this discussion
i t has been well borne out that a low frequency is best for
t ransmit t ing the energy, but tha t a high frequency is bet ter
for affecting the most sensitive receivers which we have—the
telephone and the coherer. Up to the present I may say tha t
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the frequency used has been usually the one best adapted to Mr. Brown,
operate the receiver, without reference to the point as to
whether or not it is the best frequency for transmitting the
energy across the space. But it does not seem to have occurred
to anyone that the advantages of both these frequencies may
be combined : that is to say, that it may be possible to transmit
the energy at the rate which is best adapted for allowing the
energy to pass the space, in whatever way it passes—that is, a
very low rate—and still retain the advantage of having the
receiver affected by the frequency best adapted to operate that:
in other words, to split up the received current. I was specifically,
but no doubt unconsciously, referred to last time by Professor
Fleming in regard to my bare wire cable patent, and I may say
that this point principally explains the reason why Professor
Fleming failed to get. his signals when transmitting Hertzian
waves through a bare wire submerged in water. He no doubt
transmitted the waves at a very rapid rate with Hertz'apparatus ;
but had he transmitted a slow current and split that current up
at the receiving end, he could have very effectively operated
either a telephone or a coherer by putting that coherer as a shunt
for an electro-magnetic coil, and in series in either case with a
rapid make-and-break applied at the receiving end. I think Mr.
Evershed mentioned last time that when he was putting a current
of 1 ampere through the primary circuit on the Lavernock-
Flat Holm system he produced a difference of potential in the
receiving circuit sufficient to make a telephone howl, but that
the said telephone did not howl, because when the frequency was
so raised as to make the telephone sound at all with a practicable
note, the absorption (or whatever else the phenomena may be
which acts to reduce the received current) became so great that
the telephone did not get enough current to operate it. I say,
Then let the telephone howl! or, of course, with the alternatives
of reducing power, or of operating a much longer distance with
the same power. My patent which Professor Fleming referred
to (30123 of 1896) just brings out that point. If Mr. Preece
will take- his rapid inake-nni-break out of the primary circuit on
the Lavemock and Flat Holm system and put it into the receiving

VOL. XXVII. 63
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Mr. Brown, circuit—provided that the make-and-break does not produce or
induce any current in the receiving circuit from its own action—
I think he will find that he will get very much louder signals by
earth conduction than he is now getting by induction with a
rapid make-and-break in the primary circuit.' If earth currents
or the like give trouble, they can be neutralised by a small-
capacity condenser in series with the telephone and silent make-
and-break. I also wish to point out that the use of condensers
to time circuits is also distinctly described in the same patent.
I will read just one line: " A condenser is inserted in the circuit
" at the receiving station, and its capacity adjusted so as to tune
" or synchronise the time rate of the circuit to that of the
" transmitting circuit." I find that this produces a very much
greater effect than simply sending currents on the plain circuit
without any capacity in it.

Also I should like to say one or two words with regard to the
supposed method of selecting signals by means of synchronised
circuits. From my experience I have found that this in practice
cannot be done. You can increase the sensitiveness of the
receiver by putting a capacity in the circuit, but 3'ou cannot so
tune the circuit to a distant circuit as to cut out any intermediate
current or impulse that may be generated in the district. A
coherer will be affected by every current or impulse that "comes
along, provided that it is strong enough, and you cannot keep out
foreign impulses from such circuits. Occasionally they come,
whether they are wanted or not, and one has to put up with
them. The only way, apparently, is to allow them all to come,
but then to cut out those you do not want. In other words, while
it is impossible so to attune two circuits as to prevent the receiving
circuit from getting extraneous impulses, it is easily possible, by
putting a tuned electro-magnetic vibrator in the local battery
circuit that is operated at the receiving station, to cause that
tuned vibrator to be actuated by impulses received from your own
similarly tuned transmitter at a -distant station, and not to be
actuated by impulses affecting the receiver in any other rate, as
when other signals are being transmitted in the vicinity.

Stevenson. , Mr. C. A. STEVENSON [communicated]: Dr. Lodge's paper is
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an important contribution to the subject of telegraphy by Mr.
r Stevenson.

induction, especially as it deals with a. simple method, namely,
that of using a number of turns of wire in the form of a horizontal
•coil—a system which I first proposed and recommended for tele-
graphy through space.* On account of the simplicity of the coil
system, it is probable that it will prove superior to the Lodge-
Marconi system; and on account of its compactness it will, for
most purposes, prove superior to the parallel-wire system so long
advocated by Mr. Preece.f

Dr. Lodge's main alteration on what I proposed is the addition
of condensers, thereby getting results greater than he got by coils
alone. It is the natural thing to try condensers; but, on my trying •
them, they did not, even with high frequency, give the advantage
I had anticipated—probably due to want of proper tuning. I am
glad, however, that Dr. Lodge has succeeded, thus going a step in
advance of me. Dr. Lodge has not given us any of his experience,
if he has any, of making the coils with soft iron cores. There
can be no doubt of the enhancing effect of the core up to
•distances of 200 feet; a large electro-magnet, properly designed,
with a suitable core, being a powerful instrument for the purpose.

It was not on account of the cost of carrying the induction
farther that I did not carry the coil system farther, as Dr. Lodge
.suggests, but simply because there was no immediate call for
•doing so. A particular case had to be met at North Unst—a gap
•of half a mile had to be bridged—and the experiment I made at
Edinburgh was intended to, and did, demonstrate the practicability
of the method on a large and useful scale to the Commissioners
of Northern Lighthouses; the Commissioners having been so
impressed with the experiments I had previously shown them on
;a smaller scale, even through stone and mortar, that they sanc-
tioned the cost of the experiments on the larger (which was
full size) scale, viz., 2\ miles off. Financial reasons alone pre-
vented the erection of this system to connect Muckle Flugga-
with the lighthouse station. It is well to remember that

* March 24th, 1892. See Engineer, vol. lxxiii. ; Royal Society of Edinburgh,
January 30th, 1893, and March 19th, 1894.

•t See " Submarine Telegraph," by Bright (1898), p. 18S. . . .
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Mr. in the experiments at Edinburgh a very small number of
Stevenson. ° J

cells were purposely used; and it is well to compare the;

feeble currents then used with those used by Dr. Lodge/
with their respective results. Theory and the author's formulae
give one the impression at first sight that a single wire is
always best, the simple experiment of getting a greater effect
at a distance by uncoiling a wire while a constant current id
passing, supporting this impression; but the formulae, if they aue
to be practical, ought to take into account a limited area for
practical work, and a practical resistance and E.M.F., &c, and
then the fact is disclosed that the coiling of wires (whether
condensers be used with the coils or not) becomes an advantage
for most practical work which the engineer will be called upon
to deal .with; and the dependence on mass of copper and the?
independence of number of turns ceases to be practical.

S u b m <a,.r i ho C ts, h i

I cannot—nor apparently does DJL\ Lodge—agree with Mr.,
Evershed that the coils should be identical in size and shape..
Far from i t ; each case must be treated'for size and configurations
by itself. For instance, take the case of Muckle Flugga: my
design was for a line two miles in.length, with a coil at the end.
enclosing a larger area than the one on the rock, which was opened*
out to the maximum possible. Again, take the case of Sule Skerry,
and the Flannan Islands, on the north-west of Scotland, where-:
telegraphy by induction would be of great value: it is impossible;
to, make the coils of large diameter on these rocks, but the coil'
on shore should be of large dimensions; indeed, a single long wire/
with the ends earthed well "away from the line would be, perhaps,,
the best arrangement. And again, for guarding a dangerous coast,
a similar wire of many miles in length would be suitable for
communicating its warning signal to vessels on board of which*
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were detectors, necessarily of small dimensions. This guarding of Mr.
.a dangerous stretch of coast appears to me to be the most
important application of telegraphy by induction, and one to which
I hope Dr. Lodge may give his valuable attention. There are
two main systems, both of which I have tried. First, there is
the principle of laying down a submarine cable along the line
•of coast (see diagram).

In this case the currents set up in the cable have to be sent
•only through the sheet of water to the vessel—say 20 fathoms, or
120 feet, or, if an electro-magnet be letdown from the ship, only
•4 or 5 fathoms. There are, however, certain objections to this
system; for instance, the first cost of cable and maintenance
of it are important considerations.

In the second system the erection of a pole line on shore,
•either along the stretch of coast, or in the form of a coil on a
peninsula. The main difference from the last case is that the
-currents set up in the land line have to be sent several miles
-out to the ship in place of only a few yards; but the submarine
•cable is done away with, which is an important consideration
I have tried this system with two ,miles of pole line and a
•coil about a quarter of a mile off the line with perfect and
never-failing success, and I see no reason why this system should
not have been erected ere this. The cost is by no means
•prohibitive, and the boon it would be to vessels of the Navy and
mercantile marine attempting to make, say, the south-west of
Ireland would justify the expenditure, as our sound fog signals
even of the best type guard but a small area—an area of six
miles diameter at most—and that with no great certainty, owing
,to atmospheric causes. It is thus impossible for one sound signal
to guard more than six miles of coast,' and that imperfectly ;
whereas the submarine cable system or the shore'line system
•could guard along stretch, irrespective of atmospheric conditions.
The influence of electric wiring on ships fitted with electric
light fittings can easily be guarded against. The question is a
national, one, and I trust our Government will at least test the
.system, and not let Italy or any other nation step in in front
•of us.
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Mr. With special reference to Mr. Evershed's paper,* the system
Stevenson. . .

actually used at the North Sand lightship was quite useless as
a magnetic induction apparatus, as, owing to the arrangement^
there were 'practically no magnetic currents set up in the
circuit. To ascribe failure to the screening effect of the water
or sheathing is an error, as I have shown by trial on board ship
on the Firth of Forth that any such loss is not a practical one.f
I may mention that for anyone to suppose that a system which
works in air must necessarily work if laid down in the sea is-
a mistake, as special arrangements are requisite for sea work.

Mr Evershed compares the method of building up the
circuits on the parallel-wire system with the coil method
proposed by me of having coils with their planes lying in
the same plane, turning Mr. Preece's two vertical circuits-
into horizontal circuits, stating that for equal areas there is a
loss of mutual induction, but rightly mentioning that " such
" horizontal circuits possess compensating advantages which may
" easily outweigh their drawbacks;" and this I think is specially
the case with communication between ship and ship, or a
lighthouse and the shore, where compactness is an essential;
indeed, in my opinion, where inductive telegraphy is necessary
or expedient, compactness at one end is an essential which
entirely precludes the adoption of the parallel-wire system.

The vibrator indicator devised by Mr. Evershed in 1892 for
Morse code signalling, and adapted in 1895 for induction, is an
ingenious apparatus, and he deserves credit for it if it works well,
as it is said to do on the installation in the British Channel.

I have made numerous trials of the parallel-wire system since
the year ]891, and I have found—and other observers seem also to-
have found—that it is not practical to work the parallel-wire
system more than three or four times the base, whereas by coils I
have found it is possible to work many times the breadth of base-
Thus, at the experiments in 1892, at the Isle of May lighthouse,
I signalled 360 times the diameter of an electro-magnet or base

* The coil system was proposed by me in January, 1894, for lightships,
t Nature, December 31st, 1896 ; Proceedings Royal Society of Edinburgh,

vol. xx., p. 200. There is no screening effect through brine.
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with a De Meritens magneto-electric machine ; again, at Murray- Mr.
_ _ Stevenson.

field, I signalled four times the base with five dry cells ; and I have
in Edinburgh a coil with iron core 17 inches diameter, which, with
one cell, can easily signal 25 times its diameter. Such effects are
absolutely impossible with parallel wires. With reference to Mr.
Preece's paper, we have in it mention that previous to 1885 he
had made many laboratory experiments with coils of a number of
turns, but these experiments were never published. These
laboratory experiments of Mr. Preece's are to me new and
interesting, emphasising as they do that the mere use of a
number of turns will not give success, but that the coil system
requires to be designed skilfully to ensure success. The experi-
ments at Newcastle in 1885 were not made with a number of
turns of wire. The first successful application of coils to distant
signalling with a number of turns was made by me at Edinburgh,
and described to the Royal Society of Edinburgh in 1894. These
experiments, for the success of which I was solely responsible,
were initiated by me and designed by me; and if Mr. Preece
granted the use of his poles and his wire, and the advantage
of the assistance of the Post Office staff, with a view to proving
that my views were erroneous, all I have to say is that he was
mistaken, for the experiments demonstrated the truth of the only
view I had, viz., the applicability of coils to signal to North Unst
Lighthouse. Mr. Preece's paper all through is against the coil
system, but I shall leave my 1894 paper as answer.

Mr. CHARLES BRIGHT, F.R.S.E. [communicated]: My Mr. Bright.
remarks have to do with the discussion which occurred on
December 22nd. As regards the papers of Dr. Lodge and Mr.
Evershed, I can only say that they call for very careful study,
whilst Mr. Preece's record of some of the Post Office work must
necessarily be one of great practical interest.

I am glad that General Webber has brought forward the
claims of our esteemed Past-President, the late Mr. Willoughby
Smith, as one of the most active pioneers in so-called wireless
telegraphy. From the historical point of view, it may, however,
be of some interest to trace the origin still further. As a result
of somewhat close investigation, I find that the first really
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Mr. Bright practical suggestion in the direction of inductive telegraphy
occurred so far back as 1849. This emanated from Mr. J. W.
Wilkins, a telegraph engineer of the earliest days. Mr. Wilkins
proposed to establish electric communication between England
and France—even before we were in any sort of communication
with the Continent—by a system altogether innocent of cables.
This method he described fairly fully in the course of a com-
jnunication to the Mining Journal for March 28th of that year ;
and I venture to submit a copy, thinking that it might
form an interesting appendix to the Journal. In reading this
it must be remembered that 50 years have elapsed since its
original appearance, and that the terms of to-day are a little
more explicit than those then in vogue. For further particulars,
I would draw attention to an article in the current number of
the Edinburgh Review.

We must also bear in mind the work of Mr. W. F. Melhuish,
a member of this Institution, who gave us an important paper in
1890, describing his wholly successful experiments in induction
signalling across Indian rivers, following those of Mr. Johnston.
In these Major Cardew's vibratory sounder was made use of.

I will pass on to the remarks of Mr. A. R. Sennett. With
this gentleman I cordially agree in calling attention to the
extreme importance of inductive telegraphy experiments in their
practical application to the great national need of a complete and
satisfactory system of telegraphic communication with lightships
and lighthouses. Mr. Sennett refers in some detail to the method
suggested by Mr. James Wimshurst, F.K.S., for putting a light-
ship into telegraphic touch with the shore, and it would certainly
seem as though the Wimshurst system was worthy of a full trial,
if it has not had it already. It should, however, be noted that
though Mr. Wimshurst's device successfully overcomes one source
of trouble in the ordinary continuous-cable system—that of kinks
in the cable with the swing of the lightship—it does not over-
come a still more serious difficulty—that of constant wear and
tear on the bottom, due to rise and fall.

Another device, having similar properties, is the ingenious type
of veering cable designed by Mr. F.- C. Crawford, which is built
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up in such a way that it is very difficult to make a kink in it. >o\ Bright.
The main characteristic of its construction is that each sheathing
wire is covered with india-rubber and tape; and, finally, there is an
outer serving of india-rubber, which, besides ensuring for the cable
the necessary degree of flexibility, also prevents the sheathing
wires from slipping over one another when the cable is bent.

With regard to the system of Mr. Charles Stevenson,
F.R.S.E., of the Northern Lighthouse Board (to which Mr.
Sennett refers), though not adopted practically in England,
it is but fair to state that it has now received a practical test of
over two years in the United States, the lighthouse authorities
there reporting it to be a complete success.* It was thought by
.some that an iron ship would damp the effect, but a trial with a
large iron steamer on the sea shows that the damping, if any, was
•quite inconsiderable.

So far, my remarks have been directed more especially to
lightship communication, but I will now venture to touch on the
•question of telegraphy between rock lighthouses and the adjacent
mainland. The practical difficulties here are less formidable; and
it is just a question whether the ordinary direct-cable system
•could not be turned to good account—provided that a complete
mastery of the requirements be arrived at and provided for. If
•communication is to be successfully established in this way. there
can be little doubt that the cable must be secured to the rock,
if possible, and effectually embedded in it to a distance of some
•five fathoms below low-water mark, to save it from the force of the
sea. Where the latter is impossible, a specially designed cable
becomes necessary—i.e., an ordinary type of telegraph cable
<(of quite moderate weight) ensheathed in a heavy, but flexible,
chain armour. Such a cable, being fairly flexible, may be
zigzagged about among the irregularities of the bottom, which
may then be converted from a source of danger into an absolute
.protection. On the other hand, on a bottom free from irregularities
the great weight of the chain will prevent any serious movement-
Divers should be employed to see that the cable is properly laid,

Report of the United States Lighthouse Board, 1895
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Mr. Bright, and once this is done no further trouble should be experienced.
As a further security, it has been proposed by Mr. M. H. Gray
to employ two or more branch cables approaching the lighthouse
on different sides. He would form a junction of the ends, with
the main cable, by means of a heavy cast-iron joint box, placed
at a position under water well clear from the action of the sea.
The advantage gained by this would be the unlikelihood of two
or more cables, well removed from each other, breaking at the
same time.

Whilst fully appreciating Mr. Sennett's further remarks on
the vital import of isochronism in connection with all instru-
ments—electrical or otherwise—to be influenced by aether, or
sound, waves, I should much like to know at what distances he
was enabled to communicate effective signals by means of sound
through water.

WILKINS'S "WIRELESS" TELEGRAPHY.

Copy of Letter appearing in " Mining Journal" March 28, 1849.

[Submitted by Mr. CHARLES BRIGHT, F.R.S.E.]

"TELEGRAPH COMMUNICATION BETWEEN ENGLAND
AND FRANCE.

'•'• To the Editor, Sfc.

" SIB,—Allow me, through the medium of your valuable journal, to draw
attention to a theoiy upon which a telegraphic communication may be made betweeni
England and France Avithout wires; and as this mode of telegraphy seems to be the
ultimatum of all wishes upon the subject, I do not hesitate to lay before your readers,,
for investigation, experiment, or actual use, this, my view of the subject.

" I take for certain (as experiments I have made have shown me) that when the'
positive and negative poles of a battery are dipped into or connected with any
conductory medium, the electricity around the positive pole is positive, being diffused
in radial lines, and the part around the negative pole is negative in radial lines-
converging towards it, supplying the electricity requisite for the decomposition of the
substances composing the battery. This understood, it is evident that when a
positive radial line sets out from the junction of the battery with the earth it makes-
its way to, or is attached by the nearest negative portion of earth, at last meeting
the negative pole of the battery restoring the equilibrium. Erorn this it appears-
that the first portion of electricity will pass in a straight line between the two poles,,
being the shortest between them, and the rays will then form curves between the
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poles nntil, by reason of increasing distance, they are uo longer influenced by one >i,-. Bright,
another, without a better medium of conduction be interposed in their circuit.

" It is natural to suppose that all parts of the earth are not of one uniform
density ; if so, then some parts are positive, and others negative. Then from this
it is easy to see that some of the electricity flowing from the positive pole is the
means of restoring equilibrium to negative portions of the earth—not necessarily
rendered so by the negative pole of the battery ; and also positive portions, for the
same reason, rendered neutral or negative (fee note No. 1 below).

" These rays of electricity may be collected in a certain quantity between the
point whence they start, and where they are rendered neutral, and by the inter-
position of a metallic medium that shall offer less resistance than the water or earth
—obviously the nearer the batteiy the greater the chance of collecting them. I do
not anticipate the distance of 20 miles is at all too much (with the means we can
use to compensate it) to collect a sufficient quantity of current to be useful for
telegraphic purposes. Still, the quantity would be small, and with the present
telegraphic instruments would not be detected at all. The current in the wire (of
the instrument used) must be detected—not by its amount, but that it exists in
any quantity, however small. If, then, electricity can be collected in Erance,
simultaneously with a discharge from a battery in England, all that is required is,
to find out what to do with it, so that it shall indicate its presence.

" I will now lay before you the arrangement I propose for carrying out this
design.

" No. 1.—Upon one shore I propose to have a battery that shall discharge its
electricity into the earth or sea, having a distance of some 5, 10, or perhaps 20
miles—as the case may b e - between the poles.

"iVo. 2.—Let a similar length of wire be erected on the opposite coast, as
near to, and as parallel with it as possible; having its ends dipping into the sea
or earth.

" No. 3.—Within the above circuit have an instrument consisting of about
JO or 20, or more, square or round coils of tinest wire, of best couductibility,
suspended on points or otherwise, being part of circuit No. 2. Suspend this coil
before or between the poles of an electro, or permanent magnet or magnets, and
in either case any current passing through the coil will be indicated by its moving
or shifting position (see note No. 2 below). This would then constitute tho
telegraph. It now would only depend upon the distance between the poles of the
battery, in one case, and the ends of the circuit wire iu the other, together with
the lightness of the coils of wire used—having reference to their number—and the
power of the magnet or magnets used to deflect it; although that would be easy
of adjustment, and when once done, are certain to be of continuance—at all
events, much more so than a submerged wire across the (. hannel.

" I hope some one will take up this suggestion, and carry it out practically,
to a greater extent than my limited experiments have enabled me: for, of its
truth, for long, as well as short distances, I am satisfied; and want of means only
prevents me carrying it out at once. I venture to say what I have, on an
experience in electricity of 10 years, and a practical acquaintance with electric
telegraphs of near five years.

(Signed) " J . W. WILKINS.
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Mr. Bright. "No. 1 Note.—The present electric telegraph is affected by what is commonly
termed ' Anroras '—or a current of f-lectricity passing along the wires—of course,
entering, and passing through the coils used, thereby deflecting the needle. While
inspector of telegraphy on the lines between Rugby and Newcastle, I have known
that for hours at a time the telegraphs on particular sections of the road have been
rendered useless from this deflection, often moving the needle from the perpendicular
to either side, and back again, in a few minutes, giving evidence of different currents
flowing in the same direction, or the same currents in different directions. As the
telegraph wires are terminated at each end with a plate in the earth, these wires
are thus portions of the earth itself, and currents flowing from place to place pnss
along them.

" No. 2 Note.—The coils under these circumstances would, if between the polos
of the magnet, move from any position and lie parallel to the poles, and, if in front
of the poles of the magnet, would move from side to side in a plane parallel to the
enrte of them.

" I claim these movements as design or invention of my own, as telegraphs,
working with the least amount of electricity and resistance ; and the movement
depends not so much upon the current passing, as on the power of the magnet r r
magnets used."

Mr. Adams. Mr. A. J, S. ADAMS [communicated]: I had hoped—as an
old inquirer into the mysteries of induction—to have spoken in
discussion upon the interesting subject of wireless telegraphy,
opened up by the papers of Dr. Oliver Lodge, and of Messrs. S.
Evershed and W. H. Preece; but, as time at our meetings is at a
premium, perhaps I may be permitted a communication.

My first point is that the world is anxious to know if, and
when, wires are to be dispensed with in practical general
telegraphy; and the second is, that the answer lies within a
nut-shell, and has been rightly pronounced by Mr. Evershed as
£a. d.

The question may be put thus: If a disconnected telephone
be held to the ear near a telegraph wire of any description—
coated or uncoated by insulation—all.that goes on upon that wire
will be distinctly apparent in the telephone, by induction. "From
this it would almost seem that we have but to increase the
circumference of the wire, and the electrical disturbances upon it,
jn order to widen indefinitely the distance over which those
disturbances could be detected.: And, roughly, this would be so,
except for at least two far-reaching agencies of intervention—one,
the sure and speedy transformation of inductive energy into heat,
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on the way ; the other, interference by forces similar in character Mr. Adams,
to itself; and it is the fact that the subjugation of both will
require an increase of metal and power in rapid ratio, which
renders cost the prime factor. Nor is mere sensibility of
receiving apparatus calculated to reduce the difficulty.

It has been already pointed out that the value of absorption
has yet to be deduced. I am inclined to think its value will be a
serious hindrance in the case of electro or magneto forces. But,
be that as it may, there can be little question as to the serious-
ne.ss of the effects of stray frequencies with earth conduction.

In illustration of this latter disturbance I would point to the
destruction of the Greenwich Royal Observatory earth-current
records by the inductive oscillations of the South London Electric
Railway, some 3 miles distant; and to the further fact that,
whereas the Greenwich circuits are some 2£ miles from earth to
earth, I am able to trace, and to record by photographic means, the
same disturbances in my garden at New Cross, about a mile and a
half from the nearest point of that railway, with earths only
1 foot apart. With earths some 100 feet apart I have even
recorded disturbances so far afield as Brockenhurst, in the New
Forest; and indeed find that England, at least, is permeated by
vibrations of one sort and another.

In view of these agencies, I think that Dr. Oliver Lodge's
remark to the effect that where a wire may be extended between
any two points for telegraphic purposes it should be done, fairly
answers the question, so far as concerns the efforts of electro-
static, or magnetic, forces ; and that the day of wireless telegraphy,
in a wide sense, with those forces is a long way off. Where
wireless telegraphy is a necessity, and cost is a secondarj7

consideration^ I am inclined to favour insulated circuits
and low frequency. • . • . -

Dr. OLIVER LODGE : Mr. Granville asked about the case where I Dr. Lodge
had said—apparently in my paper—that experiment was absurd.
If I used those words, I wish to withdraw them. Experiment is
never absurd. I only meant that I did not expect the earth to
have any effect when one of the coils was perfectly insulated.
He thinks that, even though only one of the coils is earthed, yet
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Dr. Lodge, earth conduction may possibly have some effect. I will not deny
it. I do not know. I was very much interested in "his admirable
description, and the views that he gave us, of the Fastnet Rock.
The Fastnet Rock and lighthouse have appealed to my imagina-
tion several times. I think it is a most interesting case ; and
some of the lighthouses in the North of Scotland are also most
interesting, though they are dangerous and difficult places to go
to. I do not want to go there particularly myself, yet I would
very much like, if possible, to be of assistance in getting them
connected up for signalling purposes. What the best system is
remains to be seen. Each system probably has its due and proper
place.

Major Brett says that he is sorry I have forsaken the Hertzian
system, but I do not consider that I have at all forsaken the
Hertzian wave system. I have experiments going on pretty
frequently in connection with coherers, though not on a large
scale. The reason I have not referred to it in this paper is
because I was on a different subject; and, moreover, I had been
told that Mr. Marconi was going to read a paper before this
Institution later in the present session. Hence, I thought
that any remarks about the Hertzian method had better not
come now. Besides, Mr. Marconi has so much greater facilities
than I have, that he has rather taken it out of my- hands.
He can make experiments now on a large scale, and does,
and is doing, evidently, very good work. I am glad to hear from
Major Brett about that work. I do not know anything about it
at first hand myself. I seem to have said that the Lavernock case
was the only one in practical work; I meant regular or com.
mercial or remunerative work, as opposed to experimental stations;
not, indeed, ordinary commercial work, but the dependable work
required by military authorities at forts. 1 do not think that the
Hertzian plan is yet used for such a purpose. With regard to the
earth connection being of no use for the receiving system, and
therefore the coherer being affected without the impulses coming
through the earth, I should be the last to deny that a coherer-circuit
<;an be affected directly by Hertzian waves. Certainly it can be
affected direct by Hertzian waves. I know it can also be affected by
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impulses which come from the earth. I was not sure which had Dr. Lodge,
the most effect in those experiments that we read about in the
daily papers. Major Brett says that if you remove the earth wire
the thing is improved. Then I do not see why you have an
earth wire. But anyhow it is an interesting experiment, and
perhaps more experiments in that direction will now be tried.

Mr. Sinclair said instructively that earth-conduction was locally
very various, and that it was more difficult to get earths for small
distances than big distances. I do not think it is generally known
to telegraphists—I have thought not—that the resistance of the
earth is independent of distance, depending only on the size of the
earth-plates and what they are bedded in. If you take two small
electrodes and put them in the skin of a sphere, then, whether you
put them close together or any distance apart, or right away at the
Antipodes, the resistance is the same theoretically. Hence, of
course, when you have a line 1,000 miles long, the earth resistance
is small in proportion ; whereas, if the line is only a few miles, the
earth resistance feels big; but it may be the very same earth
resistance all the time, if the circumstances of the plates and the
embedding of them are the same, and if you do not bring them
too near together so that the size of the plates is an important
fraction of their distance apart. With small plates at a reason-
able distance apart the resistance is independent of the distance.
To diminish the resistance you must use bigger plates.

Mr. EVERSHED, in reply, said: The hour is so late that I must Mr.
confine myself to a series of emphatic statements somewhat after
the manner of Dr. Lodge. Dr. Lodge began by expressing some
surprise that in making one correction I had not gone on to make
.a second. The reason was that I had no second correction to
•make. Dr. Lodge objects to the statement made in my paper
that the power available in the secondary circuit when working
a telephone at 400 periods per second is over 600 times as great
as that available for the relay which I showed at the last meeting-
working at a frequency of 16 periods per second. If that state-
ment were not qualified it would be absurd; but if you look at
equation (4) in my paper, you will find it distinctly stated that
the. equation refers to that condition in" which the E.M.F. and
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Mr. the current are brought into step—that is to say, they are in the.'
Evershecl. ° J> J

same phase. My paper was not concerned with the manner in-
which the current and E.M.F. were to be brought into step.
Dr. Lodge himself has brought forward one means of doing it by
condensers. There is another method which I believe may be
brought into use, but it is still in embryo, and I will not refer to-
it now. Let me make it quite clear that that statement with
regard to the power does not relate to the Lavernock circuit in
any way whatever. It is not in that part of the paper which
relates to the Lavernock and Flat Holm experiments. It is-
simply a plain statement of the truth that when you have either
no self-induction, or you have neutralised any self-induction there-
may be and brought the E.M.F. into the same phase as the-
current, the available power (with the same impressed E.M.F. in
the two circuits) will be 625 times as great at 400 periods per
second as it is at 16 periods. I am very glad that Dr. Lodge has:

given us some particulars of the power used in his telephone.
Unfortunately, he has only given us the C3 R losses, or, rather, he
has given us the impressed E.M.F. multiplied by what he thinks-
is the current going through his telephone; but he calculates-
that current by omitting possibly the most important factor,.
viz., the back E.M.F. due to the motion of the diaphragm.
He says that the mechanical work done in beating the air by-
means of the diaphragm and overcoming the viscosity of the
diaphragm, and so on, is negligible compared with C3 R. Very
likely that may be so. If it is, I can only say Dr. Lodge has not
taken the best advantage of his improved telephone. What he
has to do is to raise the E.M.F. of the telephone either by
rewinding it or by raising its field until he makes its back E.M.F..
equal to one-half the impressed E.M.F. He will then get the
maximum "activity" (as defined by Lord Kelvin) out of his
telephone. At present he is not doing himself justice.

Dr. Lodge asked several questions about the North Sand Head
•lightship. I may, in reply, say that the vessel is built of iron ;
and I therefore arranged the ship coil outside the ship, in order
to avoid, as far as possible, the screening effect of.the conductivity
of the iron hull, and secure what little advantage there might be
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in having an iron core within the coil. The cable was. necessarily, Mr.
armoured. I felt perfectly confident that the armouring of the
cable must necessarily cut off all induction at a frequency of
400 per second. I measured the resistance of the armouring, and
calculated the damping effect of it, and I found that at 16 periods
per second (the frequency at which I worked my relay) the
absorption was 10 per cent. I did not mind about 10 per cent.
At the last meeting I gave you the total absorption ; and of that
total absorption, at 16 periods a second, only 10 per cent, was
due to the armouring on the cable. Mr. Gianville has shown us
to-night a photograph of a lighthouse. Well, a lightship is very
much like a lighthouse, with the rock foundation left out;
and you will readily understand that, if you were to lay an
unarmoured cable on the bottom of the sea, it would not last a
week in such a place as the Channel, where the scour is very
great; so we were obliged to adopt a very disadvantageous course,
and endeavour to signal with armoured cable.

Dr. Lodge referred to some experiments he made on absorption.
I have made a great many experiments of that kind myself, and
I must confess they are entirely fallacious. When you reduce
the scale of your experiments (reduce the size of your circuits)—
as Dr. Lodge will readily admit when it is pointed out to him—
you must at the same time decrease the specific resistance, of
your absorbent medium. If it is desired to ascertain the absorbent
effect of a sheet of sea-water of specific resistance pv by means
of small-scale experiments with a model coil and model conducting

sheet — th full size, the material chosen to represent the sea

must have a specific resistance.

to = tf Pr

For example, I made a model of the light-vessel communication,
in which the ring of cable to be laid on the bottom of the sea was
represented by a coil of wire about 1 foot in diameter, and the
absorbing sheet used to imitate the effect of the 60-feet depth of
sea-water required to be about fths of an inch thick; that is to
say, the model was 1-1,900th of full size. Hence n = 1,900, and
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Mr. the specific resistance of sea-water being about 20 ohms Cper c.c),

it follows from the above equation that the conducting sheet used
in the model must have a specific resistance

0o = , " „ = 5-5 microhms.
i,yuu~

I was able to obtain a large sheet (about 8 feet x 3 feet x $ inch)
of rolled zinc of almost exactly this resistance—by careful measure-
ment its specific resistance was found to be 5-7 microhms—and
the observed absorption at 16 C\J pei' second was 38 per cent
Hence I should expect to find that a sheet of sea-water 1,900
times as thick as the zinc sheet would absorb the same proportion.
Now I have calculated the absorption for that sheet of zinc by
Mr. Whitehead's formula—which only, by the way, professes
to be approximate—and it amounts to 27 per cent. That
appears to me to settle the question raised by Dr. Lodge as to
whether Mr. Whitehead was right and Maxwell wrong, or vice
versa. Because, if I understood Dr. Lodge aright, the discrepancy
was in the manner in which 2 tr F entered into the equations.
Mr. Whitehead's formula is,

H with absorbent medium = H without such medium X e \ p

and it is clear that, if we put p in the denominator instead of
the numerator (as I understand Maxwell tells us to do), we shall
only get a result that bears no relation whatever to my observed
absorption ; whereas Mr. Whitehead's formula does, at any rate,
give a result of the right order of magnitude.

Mr. Sennett made some very interesting remarks. They did
not relate very much to induction telegraphy; but he mentioned
Mr. Wimshurst's ingenious scheme for communicating with a
lightship by means of an induction coil, the primary and
secondary coils being on the two halves of a swivel. Mr. Sennett
wondered why such a thing had never been tried. I can only
refer you once more to Mr. Granville's realistic photograph of
the Fastnet lighthouse; that gives you the clue to the whole
matter. No electrical apparatus of any kind whatever that has
to be put into the sea in a place like the Channel or the Fastnet
Kock would last for more than a few days.

I will just refer to one other matter. Dr. Lodge, since the last
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meeting, has apparently abandoned horizontal coilsin favour of coils Mr.
in a vertical position. A system of vertical coils on ships is one
which ought to be worked out, but the ingenious manner in which
Dr. Lodge suggested that a ship would be able to ascertain her
position is one which is rather liable to break down at the critical
moment. Two ships having this apparatus on board would be
able to hear each other as long as they were not in danger of
running into one another, but the moment they pointed towards
each other their means of. communication would cease; so that
when you did not hear a signal you might expect, a collision.

Major Brett advocates Hertzian telegraphy. Certainly the
simplicity and portability of the apparatus for Hertzian telegraphy
are an immense advantage. What the cost of signalling by
Hertzian waves may be no one has ever told us. I was hoping
that Major Brett would have told us what the power used was, but
that appears to be the last thing experimenters ever think about.

Mr. Brown referred to the experiments which I made on
leakage at Lavernock, but I think he. misunderstood the point. He
appeared to imagine that it was absorption which was causing the
difference in the leakage, or difference in the received current,
between no periods per second—a continuous current, that is to
to say—and 16 periods per second. That is not so. It was the
difference in the true leakage current, and the" extraordinary
thing was that the leakage should fall off so enormously between
a continuous current and a current alternating at a frequency of
1C periods per second. My point was this : If leakage falls off so
enormously between continuous current and 16 periods, it may
fall off to such a very large extent when you get to 400 periods
per second that the resulting signals received in the telephone
at that frequency may be due entirely to induction.

The CHAIRMAN : We have had an exceedingly interesting Professor
° J & Thompson.

discussion, and your cheers have forestalled what I was about to
say, namely, that we should give our hearty thanks to the readers
of these three papers, Dr. Lodge, Mr. Evershed, and last, but not
least, to our Past-President Mr. Preece. Our thanks are certainly
due to all three of them.

Adjourned to January 26th.
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SPECIAL RESOLUTION

OF

THE INSTITUTION OF ELECTRICAL ENGINEERS.

l^assed 3rd November, 1898. Confirmed 18th November, 1898.

At a Special General Meeting of the Members of the above-
named Institution, duly convened, and held at Victoria Mansions,
28, Victoria Street, London, S.W., on Thursday, the 3rd day of
November, 1898, the subjoined Resolution was duly passed; and
at a subsequent Special General Meeting of the Members of the
said Institution, also duly convened, and held at the same place
on Friday, the 18th day of November, 1898, the said Special
Resolution was duly confirmed:—

•'•' That the Articles of Association contained in the
" printed document submitted to the Meeting, and, for
" the purpose of identification, subscribed by the
" Chairman thereof, be. and the same are hereby,
" approved; and that such Articles of Association be.
"and they are hereby, adopted as the Articles of
" Association of the Institution; and that Article Number
" One do come into operation forthwith, and that the
" remaining Articles, numbered Two to Eighty, both
" inclusive, with the Schedules thereto, do come into
•' operation on and from the First day of January, 1899."

By order of the Council,

w. G. MCMILLAN,

Secretary),



ARTICLES OP ASSOCIATION OF THE

INSTITUTION OF ELECTRICAL ENGINEERS.

1. Save as hereinafter expressed to the contrary, the Articles
of Association of the Institution of Electrical Engineers, as the
same now exist, will remain in force up to, and including, the
31st day of December, 1898. Provided that the existing Articles*
relating to the election of Council and Officers, viz.: Articles
38 to 43, both inclusive, and Article 55, are hereby cancelled; and
provided further that all existing Officers of the Institution shall
remain in office until the Annual General Meeting to be heldi iu
the year 1899; and provided also that the Annual Statement
of Accounts under existing Article numbered 50 may be made
up to any day subsequent to the 30th day of September, 1898, a3
the Council may prescribe.

2. On and after the 1st day of January, 189S, the said
existing Articles shall cease to have any prospective operation,
save for the purpose of enforcing any then outstanding obliga-
tions, or exercising any rights and remedies which the Institution
shall then be entitled to enforce or exercise; and on and after
the 1st day of January, 1899, the following Articles, with the
Schedules and Footnotes thereto, shall be substituted for the
existing Articles, numbered 1 to 71, both inclusive, as the same
have been amended from time to time, and for the Schedules
and Footnotes to those Articles, except so far as the same are
hereinbefore cancelled or modified.

Subject as provided in Article 6, the terms used in these
Articles are intended to have the same meanings as they have
when used in the Companies Acts for the time being in force;
and words implying the singular number are intended to include
the plural number, and vice versa.

3. For the purposes of Registration the number of Members
of the Institution is unlimited.

* The expression " existing Articles," and any equivalent expression in the
present Articles, means the Articles adopted on the Incorporation of the " Society
of Telegraph-Engineers and Electricians," as altered from time to time by Special
Resolution.
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MEMBEESHIP.

4. The Institution shall consist of Honorary Members,
Members, Associate Members, Foreign Members, Associates,
and Students.

5. On and after the 1st day of January, 1899, then existing
Honorary Members shall continue to be Honorary Members,
then existing Members shall continue to be Members, then
existing Associates shall continue to be Associates, then exist-
ing Foreign Members shall continue to be Foreign Members,
then existing Students shall continue to be Students, subject to
the obligations attaching to such various classes, and there shall
be a new class of Members, to be styled " Associate Members."

The different classes of Members referred to as existing on
the said 1st daj of January, 1899, and such other persons as
shall be admitted, in accordance with these Articles, and none
others, shall be or become members of the Institution (either as
Honorary Members, Members, Associate Members, Foreign
Members, Associates, or Students, as the case may be), and be
entered on the Register as such.

6. No Honorary Member, Associate Member, Foreign Mem-
ber, Associate, or Student shall, by reason of being legally a
member of the Institution, within the meaning of the Joint-
Stock Companies Acts, be entitled to any privileges other than
those which, by these Articles, attach to the specific class of
Members of the Institution to which he belongs, and wherever
the term "Member" is hereinafter used without qualification,
it shall be taken to exclude Honorary Members, Associate Mem-
bers, Foreign Members, Associates, and Students.

7. The Institution may admit such other persons as may be
hereafter qualified and elected in that behalf as Honorary
Members, Members, Associate Members, Foreign Members.
Associates, and Students respectively, but such persons shall
sign the form G in that behalf contained in the Schedule hereto,
or such form to the like effect as may from time to time be
authorised) by the Council.
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8. The rights and privileges of every Honorary Member,
Member, Associate Member, Foreign Member, Associate, and
Student shall be personal to himself, and shall not be transfer-
able or transmissible by his own act, or by operation of law.

ABBREVIATED TITLES.

9. The authorised abbreviations indicating the class in the
Institution to which any Honorary Member, Member, Associate
Member, Associate, or Student belongs shall be as folloAvs: —
For an Honorary Member, Hon. M.I.E.E.; for a Member,
M.I.E.E.; for an Associate Member, A.M.I.E.E.; for an
Associate, A.I.E.E.; and for a Student, Student I.E.E.

DIPLOMAS.

10. Subject to such regulations as the Council may from
time to time prescribe, the Council may issue to any Member
or Associate Member a certificate showing- the class to which he
belongs. Every such certificate shall be according to the form
F in the Schedule, or such modification thereof as may from
time to time be approved by the Council, and shall remain the
property of, and shall on demand be returned to, the Institution.

QUALIFICATION OF MEMBERS, ETC.

11. HONORARY MEMBERS.—Honorary Members shall be dis-
tinguished persons who are intimately connected with Electrical
Science or Electrical Engineering, and whom the Institution
especially desires to honour for exceptionally important services
in connection therewith.

12. MEMBERS.—Every new Member (i.e., Members not on the
Register as Members on the 31st December, 1898) shall, whether
admitted by election or transfer, be at least 25 years of age, and
come within one of the following descriptions: —

(a) He shall have been educated as an Electrical
Engineer or Electrician in a manner which shall
satisfy the Council, and either (1) shall have had
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subsequent employment in the application of
electricity for at least five years in situations of
superior responsibility, and shall be actually
engaged in such a situation at the time of his appli-
cation for election or transfer, or (2) shall be in
practice, and shall have practised on his own account
in the profession of an Electrical Engineer or Elec-
trician for at least five years, and shall have
acquired sufficient eminence in the same; or

(b) being, either in a position of superior responsibility,

or in practice on his own account, in the profession
of an Electrical Engineer or Electrician, he shall
have held such responsible position or positions, or
shall have so practised on his own account that he
has acquired sufficient eminence in the said profes-
sion, during a period or periods which, singly or in
the aggregate, shall amount to seven years; or

(c) being an Associate Member, he shall have gained
the senior premium in any year for a paper read at
an Ordinary General Meeting* of the Institution; or

(d) he shall be so prominently associated with the
objects of the Institution that the Council consider
his admission to Membership Avould conduce to its
interests.

13. ASSOCIATE MEMBEHS.—Every Associate Member shall
be either an Electrical Engineer or Electrician, and shall be at
least 25 years of age, and, whether admitted by election or by
transfer, shall come within one of the following descriptions: —

(a) He shall have been on the Register as an Associate on
the 31st of December, 1898; or

(b) he shall have been educated as an Electrical
Engineer or Electrician in a manner which shall
satisfy the Council, and either (1) he shall have
had subsequent employment for at least two years in
a responsible situation as an Electrical Engineer or
Electrician, and shall be actually engaged in such
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a situation at tlie time of liis application for election
or transfer; (2) he shall have been engaged for at
least five years in one of the branches of Electrical
Engineering, and shall be actually so engaged at
the time of his application, and shall afford satis-
factory proof to the Council of his fitness for elec-
tion ; or (3), being an Associate, he shall have gained
a premium in any year for a paper read at an
Ordinary General Meeting of the Institution.

14. FOREIGN MEMBERS.—Foreign Members shall be
foreigners residing abroad who are eminent in Electrical
Science or Electrical Engineering, and whose admission to the
privileges of Membership the Council consider would conduce to
the interests of the Institution.

15. ASSOCIATES.—Associates shall be persons, more than 21
years of age, who are interested in, or connected with, Electrical
Science or Engineering, or who are so associated with the appli-
cation of Electricity that the Council consider their admission
as Associates would conduce to the interests of the Institution.

16. STUDENTS.—Students shall be persons of any age serving
pupilage to an Electrical Engineer or Electrician, or who are
studying Electrical Science at one of the Universities, Public
Colleges, Technical Institutions, or Government Schools, or who
otherwise satisfy the Council that there are special circumstances
which, in the opinion of the Council, entitle them to admission.
No person shall remain in the Class of Students for more than
three years, unless, at the end of that period, he shall not have
attained the age of 22, in which case he shall cease to be a
Student on attaining the said age.

ELECTION OF MEMBERS, ETC.

17. HONORARY MEMBERS shall be elected by the Council,
and notice of such election shall be given at the next General
Meeting of the Institution, but not more than one Honorary
Member shall be elected in any one year.
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18. Except as hereinafter provided, every candidate for
election into the Institution, otherwise than as an Honorary
Member or a Student, shall be duly proposed and seconded, in
writing and from personal knowledge, by a Member; and his
candidature shall be further supported, in writing, as follows : —

If he be proposed for election to the class of Members or of
foreign Members, by three Members or by two Members and
two Associate Members; or,

if he be proposed for election to the class of Associate
-Members, by two Members or by one Member and two Associate
Members; or,

if he be proposed for election to the class of Associates, by
two Members or by three Associate Members or Associates.

The Secretary shall thereupon submit the application of the
candidate to the Council to be considered, and if it be approved
by them, it shall be brought before the next General Meeting
of the Institution for approval. But in the event of a candidate
resident abroad not being personally known to a sufficient
number of Members, Associate Members, or Associates, to enable
him to satisfy the foregoing conditions of proposal, if such
candidate be nominated by the Local Honorary Secretary
of the Country or Colony in which he resides, and if
sufficient evidence be produced to satisfy the Council as
to the fitness of such candidate for election to any
class, the Council may propose his election to such class, and no
further support will then be necessary; but the proposal form of
the said candidate shall be signed by the Chairman of the
meeting of Council at which his candidature was accepted, and
his application shall be brought before the next General
Meeting of the Institution for approval.

Eveiy candidate for election into the Institution as a Student
shall be duly proposed, in writing and from personal knowledge,
by one Member or Associate Member. The Secretary shall
thereupon submit his application to the Council, and if it be
approved by them, it shall be brought before the next General
Meeting of the Institution for approval.
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19. BALLOTS shall take place at the Ordinary General
Meetings of the Institution, but, except at the last meeting of
the session, no candidate for admission shall be balloted for at
the same meeting at which his application is announced.
Members, Associate Members, and Associates, only, have the
right of voting for admission of candidates.

20. The proportion 01 votes necessary for the election of any
candidate shall be at least two-thirds of the total number of votes
given.

21. After the Ballot the Secretary shall inform the candidate
of the result thereof upon the form C, but no record shall be
taken in the Minutes of the non-election of any person balloted
for.

22. In the case of the non-election of a candidate, a second
Ballot shall be granted, if demanded, by a written notice
addressed and sent to the Secretary within twenty-eight days by
any five persons having a right to vote, and such Ballot shall take
place at the next General Meeting at which candidates are
balloted for.

23. The Council shall decide upon the application for
transferring any candidate from one class to another,
but, except as hereinafter provided, every candidate for transfer
to any class shall be duly nominated for such transfer, in writing
and. from personal knowledge, by two Members; and his
candidature shall be supported, in writing, by as many Members,
Associate Members, or Associates as would have been required
by Article 18 had he been a candidate for direct election to the
class to which he seeks to be transferred. [Excepting that an
Associate who shall have been on the Register as an Associate
on the 31st December, 1898, and who can prove to the
satisfaction of the Council that he is duly qualified according
to the preamble of Article 13, may be transferred to the class of
Associate Members on receipt of his personal application alone,
in writing.] But in the event of a candidate for transfer
resident abroad not being personally known to a sufficient
number of Members, Associate Members, or Associates, to enable
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him to satisfy the prescribed conditions of nomination, if such
candidate can produce sufficient evidence to satisfy the Council
as to his fitness for admission to the class to which he seeks
to be transferred, the Council maj accept, without further sup-
port, the nomination of the Local Honorary Secretary of the
Country or Colony in which such candidate resides.

24. Except as otherwise provided in Articles IS and 23,-the
proposal for admission to the Institution, otherwise than as an
Honorary Member, or for transferring any person from one class
to another class, shall be according to forms A, AA, or B in
the Schedule, or such modification thereof as may from time to
time be approved by the Council. These forms, .being subscribed
by the number of Members, Associate Members, and Associates
prescribed in Articles 18 and 23, and delivered to the Secretary,
shall be submitted to the Council for consideration.

CONTRIBUTION OF MEMBERS, ETC., TO THE
INSTITUTION.

25. Honorary Members shall not be required to pay any
contributions.

26. Every Member shall pay to the Institution an entrance
fee of Three Guineas on his election. Every Associate Member
shall pay an entrance fee of Two Guineas. Every Foreign
Member and every Associate shall pay an entrance fee of .One
Guinea (21s.).

Every Student transferred to the class of Associates shall
pay an entrance fee of One Guinea. Every Associate trans-
ferred to the class of Associate Members, if he has paid an
entrance fee of One Pound Ten Shillings on admission to the
class of Associates, shall pay a further entrance fee of Twelve
Shillings; or, if he has paid an entrance fee of One Guinea on
admission to the class of Associates, he shall pay a further
entrance fee of One Guinea. Every Associate Member trans-
ferred to the class of Members shall pay a further entrance fee
of One Guinea.
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27. Except as hereinafter provided, every Member elected
before the 31st December, 1891, shall contribute annually to
the Institution the sum of Two Guineas; or, if elected after
that, date and before the 31st December, 1898, the sum of Three
Pounds; or, if elected after the last-named date, the sum of
Three Guineas.

Every Associate Member shall contribute annually the sum
of Two Guineas.

Every Foreign Member elected before the 31st December,
1898, shall contribute annually the sum of One Pound; or, if
elected after the said date, the sum of One Guinea.

Every Associate elected before the 31st December, 1S91,
shall contribute annually the sum of One Guinea; or, if
elected after that date and before the 31st December, 1898, the
sum of One Pound Ten Shillings; or, if after the last-named
date, the sum of One Guinea and a Half.

Every Student elected before the 31st December, 1898, shall
contribute annually the sum of Half a Guinea; or, if elected
after the said date, the sum of One Guinea.

Any Member residing abroad,* or absent from the United
Kingdom* of Great Britain and Ireland, the Isle of Man, and the
Channel Islands, for nine months in any year, and giving pre-
vious notice in writing to the Secretary of his intended
absence, shall, during the period of his absence, if
elected a Member before the 31st December, 1898, contribute
annually the sum of One Pound, or, if elected after the said date,
the sum of Two Guineas. Any Associate Member so residing
or absent abroad, and giving previous notice of his absence as
above required, shall, during the period of his absence, contribute
annually the sum of One Guinea. Any Associate so residing or
absent abroad, and giving previous notice of his absence, as
above required, shall, during the period of his absence, if
elected an Associate before the 31st December, 1898, contribute

* Wherever in these Articles of Association the term " United Kingdom" is
hereinafter used, it is to be understood as including the United Kingdom of Great
Britain and Ireland, the Isle of Man, and the Channel Islnuds, and the term
"abroad" is to be understood as including any place situate beyond these limits.
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annually the sum of One Pound, or, if elected after the said
date, the sum of One Guinea.

28. Any Member, Associate Member, Foreign Member, or
Associate may, after the 31st December, 1898, compound for his
annual subscription by the payment to the Institution in one
sum of Forty Guineas. Provided that if airy such Member,
Associate Member, Foreign Member, or Associate has, as a
Member, Associate Member, Foreign Member, or Associate,
paid to the Institution or its predecessors* more than ten
annual subscriptions, such sum of Forty Guineas shall be
reduced by the deduction of One Guinea for every year after
the tenth year during which he shall have paid such annual
subscription.

Any Foreign Member, or any Member who, as residing
abroad, shall have already compounded by payment of Ten
Pounds, shall, if he come to reside in the United Kingdom,
and if elected before the 31st December, 1891, pay, either
an additional composition of Eleven Pounds, or an annual
subscription of One Guinea. If elected after the said date,
and before the 31st December, 1898, he shall pay either an
additional composition of Fifteen Pounds or an annual sub-
scription of Two Pounds. Any Associate elected after the 31st
December, ,1891, and before the 31st December, 1898, who,
as residing abroad, shall have already compounded by the pay-
ment of Ten Pounds, shall, if he come to reside in the
United Kingdom pay, either an additional composition of Two
Pounds Ten Shillings, or an annual subscription of Ten
Shillings. Provided that any existing Member, Foreign Member,
or Associate may, until the date of the Annual General Meeting
in 1899, compound upon the terms specified in Article 25 of the
existing Articles of Association.

All such compositions shall be invested, and the interest
alone shall be appropriated to the current expenditure of the
Institution.

* AVherevcr in these Articles of Association the word "predecessors" is
used, it is to he understood to mean, and to include, the Society called by
the name of the Society of Telegraph-Engineers and that called by the name of the
Society of Telogrnph-Engineers and Electricians.
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29. A Foreign Member who has not compounded shall, if he
come to reside in the United Kingdom, pay an annual subscrip-
tion of Two Guineas if he was elected before the 31st December,
1891/ or of Three Pounds if he was elected after the said date
and before the 31st December, 1898, or of Three Guineas if
elected after the last-named date.

30. An Associate resident in the United Kingdom who has
compounded hj payment to the Institution or its predecessors
of Ten Pounds or of Twelve Pounds Ten Shillings shall, if trans-
ferred to the class of Members before the 31st December, 1891,
pay an annual subscription of One Guinea; if transferred after
the said date and before the 31st December, 1898, he shall pay
an annual subscription of Two Pounds; or, if transferred after
the last-named date, either directly to the said class of Members
or after passing through the class of Associate Members, he shall
pay an annual subscription of Two Guineas; if transferred to
the class of Associate Members, he shall pay an annual subscrip-
tion of One Guinea.

An Associate resident abroad or absent from the United
Kingdom for nine months in any year, and giving previous
notice in writing to the Secretary of his intended absence,
shall, during the period of his absence, if he has com-
pounded as an Associate by payment of Ten Pounds or
of Twelve Pounds Ten Shillings, and if he is transferred to the
class of Members, either directly or through the class of Asso-
ciate Members, after the 31st December, 1898, pay an annual
subscription of One Guinea.

Provided that any such Associate may compound for his
annual subscription by payment of an additional composition
equal to the difference between the composition he has already
paid and the composition that he would have to pay if he had
not compounded as an Associate.

A Student, or an Associate, Foreign Member, or Associate
Member, who has not compounded, shall, if transferred to a
higher class, pay the same annual subscription as if he had been
elected to such higher class on the day upon which he was
transferred thereto.
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31. Any Member, Associate, or Foreign Member who has
compounded by payment to the predecessors of the Institution,
shall have the same rights and privileges as if he had com-
pounded by payment to the Institution.

32. All 'Members, Associate Members, Foreign Members,
Associates, and Students, hereafter elected, shall pay the annual
subscription for the year in which they are elected, without
reference to the period of the year at which their election takes
place ; but they shall be entitled to receive a copy of all numbers
of the Journal containing the proceedings of that year, and other
publications of the Institution which may have been issued
during that 3rear.

33. Every Member, Associate Member, Associate, or Student
absent for nine months in the year, and every Foreign Member,
shall be liable, if residing where the postal rate is excessive,
to pay, in addition to his annual subscription, a sum to be fixed
by the Council, not exceeding five shillings per annum, to
defray the expense of posting- the Journal and other publications.

34. The annual subscriptions shall be payable in advance on
the 1st of January in each year.

35. Every individual admitted into the Institution, whether
as Member, Associate Member, Foreign Member, Associate, or
Student, shall be considered as belonging thereto, and, as such,
liable to the payment of his annual subscriptions and other
payments, until his name shall have been removed by the
Institution from its Register, or until he shall have signified
to the Secretary, in writing, his desire to resign, having pre-
viously paid all arrears.

36. No Member, Associate Member, Foreign Member,
Associate, or Student whose contribution is six months in arrear
shall be entitled to attend or take part in the meetings of the
Institution, nor to receive the Institution's printed papers, nor
shall any such Member, Associate Member, or Associate be
entitled to vote. Any Member, Associate Member, Foreign
Member, Associate, or Student, whose contribution is two years
in arrear, shall be deemed to have forfeited his claim to
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membership, and his name may be removed from the Register
by order of the Council; but he shall nevertheless continue
liable to pay the arrears of subscription due at the time of his
name being so removed.

37. The Council may, at their discretion, reduce or remit the
annual subscription, or the arrears of annual subscription, of any
Member, Associate Member, Foreign Member, or Associate, who
shall have been unable to continue the payment of the annual
subscription prescribed by these Articles.

EXPULSION.

38. In case the expulsion of any individual shall be judged
expedient by ten or more Members, Associate Members, or
Associates, and they think fit to draw up and sign a proposal
requiring such expulsion, the same being delivered to the Secre-
tary, shall be by him laid before the Council for consideration.
If the Council, after due inquiry, do not find reason to concur
in the proposal, no entry thereof shall be made in the Minutes,
nor shall any public discussion thereon be permitted; but, if
the Council do find good reason for the proposed expulsion, they
shall direct the Secretary to address, a letter, according to the
form D in the Schedule, to the person proposed to be expelled,
advising him to withdraw from the Institution. If that advice
be followed, no entry on the Minutes, nor any public discussion
on the subject, shall be permitted; but if that advice be not
followed, nor a satisfactory explanation given, the Council shall
call a Special General Meeting of Members, Associate Members,
and Associates for the purpose of deciding on the question of
expulsion; and if a majority of the persons present at such
Special General Meeting, provided the number so present be not
less than twenty, vote that such individual be expelled, the
Chairman of that Meeting shall declare the same according^,
and the Secretary shall communicate the same to the individual
according to the form E in the Schedule.

. OFFICERS.

39. THE OFFICERS of the Institution shall be a President,
four Vice-Presidents, fifteen Ordinary Members of Council, three
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Associate Members of Council, to be chosen from the classes of
Associate Members and Associates, the Chairman or President
of each Local Section of the Institution as hereinafter referred
to, two Auditors of Accounts, an Honorary Treasurer, an
Honorary Solicitor, an Editor of the Publications of the Insti-
tution, a Secretary, and a Librarian.

40. All the Officers, except Auditors, Solicitors, Secretary,
and Librarian, shall be elected from the class of Members,
Associate Members, or Associates, and all offices shall be
honorary, except those of Editor of the Publications of the
Institution, Secretary, and Librarian.

ELECTION OF COUNCIL AND OFFICERS.

41. THE COUNCIL shall consist of the President, all past
Presidents (including past Presidents of the predecessors of the
Institution), four Vice-Presidents, fifteen Members, three
Associate Members or Associates, the Chairman or President of
each Local Section of the Institution, the Honorary Treasurer ;
and all these (except the three Associate Members or Associates)
shall be chosen from the class of Members.

42. The following Members of Council—namely, the Presi-
dent, one Vice-President, ,the Honorary Treasurer, five Members,
and one Associate Member or Associate—shall be elected
annually by ballot. The President, one Vice-President, the
Honorary Treasurer, five Members, and one Associate Member
or Associate, and every Chairman or President of a Local Section
shall retire annually, and, save as hereinafter provided, be im-
mediately eligible for re-election. Provided that no President,
Vice-President, Member of Council, Associate Member of
Council, or Chairman or President of a Local Section shall held
office in the same capacity for more than three years In
succession, that is to say, three periods between successive
Annual General Meetings. Provided also that every past Presi-
dent and every Chairman or President of a Local Section shall
be eligible for election as an Ordinary Member of Council, but
that whilst holding office as an Ordinary Member he shall cease
to be an ex-offido Member.
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43. The Auditors shall be elected annually by ballot, but
shall be eligible for re-election on the expiration of their year of .
office.

44. Casual vacancies in the Council during the year may be
filled up by the Council, and the name of each Member, Associate
Member, or Associate selected shall be announced at the next
Meeting of the Institution, but the Member, Associate Member,
or Associate so chosen shall retain his office so long only as the
vacating Member of Council would in ordinary course have
retained the same.

45. The Council shall, previous to the Annual General
Meeting in each year, prepare a list of Members whom they
propose as suitable for the offices of President, Vice-Presidents,
and Treasurer for the ensuing year. The list shall also contain
the names of a sufficient number of Members and Associate
Members or Associates whom the Council nominate as fitted to
become Members of Council, to fill the vacancies in the Council
other than those caused by the retirement of the Chairmen or
Presidents of Local Sections. At an Ordinary General Meeting
held not less than twenty-eight days before the Annual General
Meeting, the Chairman shall announce the candidates so
nominated. Any two Members, supported by eight other
Members, may thereupon nominate in writing any duly qualified
person to fill any such vacancy by forwarding such nomination,
together with the written consent of such person to accept office
if elected, to the Secretary within seven days after such meeting.
Thereupon, if any other candidate or candidates has or have been
duly nominated in addition to those proposed by the Council, a
ballot list, containing the names of all persons duly nominated to
fill such vacancies on the Council, stating which persons are
nominated by the Council and giving the names of the two
Members by whom every other person is nominated, shall be
forwarded to the Members, Associate Members, and Associates of
the Institution not less than seven days before the Annual
General Meeting; and each Member, Associate Member, or
Associate shall be at liberty to make a selection from such list,
provided the number of names so selected shall not exceed in
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any case the number requisite to fill the vacancies; but, if no
other candidate or candidates has or have been so nominated,
those proposed by the Council shall be considered duly elected.
Ballot papers shall be so marked and recorded as may be from
time to time determined by the Council.

46. All other Officers shall be elected by the Council, and
notice of such election shall be given to the Institution at its
next Meeting*.

47. The Salaries to be <?iven to the Officers of the Institution
whose offices are not honorary shall be fixed by the Council.

PROCEEDINGS, POWERS, AND DUTIES OF THE
COUNCIL.

48. The Council shall direct and manage the propertj7 and
affairs of the Institution, and may effect any loan necessary in
the judgment of the Council for meeting the current expenses of
the Institution. The Council may, with the authority of a
resolution of the Members, Associate Members, and Associates
in General Meeting, borrow moneys for other purposes of the
Institution on the security of the property of the Institution.
The Council shall prescribe such rules and regulations in
reference to the Ronalds Library, and] the inspection thereof, as
to them may seem reasonable, and generally they shall do
everything and execute all such instruments as may be necessary
in the judgment of the Council for giving full and complete
effect to the Trust Deed affecting the Ronalds Library.

49. The Council shall meet as often as the business of the
Institution may require; and at every Meeting five shall con-
stitute a quorum. The Council way appoint Committees chosen
from their own bodĵ , and Committees for special purposes
consisting of Members of Council and Members, Associate Mem-
bers, or Associates of the Institution and others, with such
powers as the Council may prescribe. In the absence of the
President, the senior Vice-President, or, if none be present, the
senior Member of Council present, shall take the Chair at
Council Meetings, and at all Meetings, whether Ordinary, Extra-
ordinary, or Special.
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50. Questions shall be decided at any meeting of the Council
by the votes of the Members of Council present, each of whom
shall, save as hereinafter mentioned, have one vote; provided
that, in the event of a ballot being demanded by at least three
of such Members at any meeting, if there be more than four
past Presidents at such meeting, the vote of no past President
save those of the immediate past President and the four senior
past Presidents present and voting shall be counted in such
ballot; but the Chairman shall have a casting vote. At the desire,
expressed in writing, of any two Members present, the determina-
tion of any subject may be postponed to the succeeding Meeting
of the Council, but not beyond that Meeting unless required by
a majority of such Meeting.

51. The Council shall (in accordance with the provisions of
the Memorandum of Association) at all times cause to be kept,
in appropriate books, proper and sufficient accounts, in all
necessary detail, of the Capital, Funds, Receipts, and Expendi-
ture of the Institution, so that the true financial state and condi-
tion of the Institution may be at all times exhibited by such
accounts.

52. The financial year of the Institution shall end pn the
31st December in each year; and a statement of the funds of
the Institution, and of the receipts and expenditure during such
financial year, shall be made, under the direction of the Council,
each year, and, after having been verified and signed by the
Auditors and approved by the Council, shall be laid before the
Annual General Meeting next following.

53. It shall be the duty of the Council to adopt all due means
for the advancement of the Institution; to provide for properly
conducting its business in all cases of emergency; and to
arrange for the publication, in such a way as they may deem
advisable, of the papers read at Meetings of the Institution, and
oi such papers read at meetings of Local Sections as may be
selected by the Council for the purpose, and of such documents
as may be calculated to advance Electrical knowledge.

54. The Council, when they may consider it expedient to
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propose the enactment of any new Article, or the alteration or
repeal of any existing one, shall summon the necessary Special
General Meetings of Members to decide the same; and the
Council are at all times bound to summon such a Special General
Meeting on a requisition, in writing, of any ten Members,
Associate Members, or Associates, specifying the particular new
Article, or the alteration of an existing one, which they
recommend.

SESSIONS AND MEETINGS.

55. The Sessions of the Institution shall commence on or
about the 1st November of each year, and terminate on or
about the 1st June of the following year. During these months
the Meetings of the Institution will be held at such places and
on such evenings as the Council may appoint, and notice of the
dates so appointed will be given to Members, Associate Members,
and Associates by the Secretary before the commencement of
each Session.

5G. The General Meetings of the Institution shall be held as
follows:—1st. Special General Meetings of Members only, for
the purpose of altering the Articles of Association. 2nd. The
Annual General Meeting. 3rd. Ordinary General Meetings.
4th. Extraordinary General Meetings. 5th. Special General
Meetings of Members, Associate Members, and Associates.

57. The Annual General Meeting of the Institution shall be
the last Meeting of the Session, to receive and deliberate
upon the Accounts and upon the Report of the Council on the
state of the Institution, and to elect the Officers for the ensuing
twelvemonth. At the Annual General Meeting any business
may be transacted of which notice, in writing, shall have been
given to the Secretary at least fourteen days before such
Meeting.

58. No new questions shall be introduced, or motion be made,
at an Ordinary General Meeting later than one hour and a half
after the time fixed for the commencement of such Meeting.
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59. The business of the Ordinary General Meetings of the
Institution shall be conducted as nearly as possible in the
following order: —

1. The Minutes of the preceding Meeting to be read
and confirmed, and signed by the Chairman.

2. Business arising out of the Minutes so read.

3. Candidates for admission to be announced.

4. Transfers to a higher class to be announced.

5. Presents to be announced and acknowledged.

6. Communications from the Council to be brought

forward.

7. New communications to be read.

8. Questions for discussion to be brought forward.

9. Candidates for admission to be balloted for.

10. Other business (if any).

60. Every Member, Associate Member, and Associate shall
have the privilege of introducing one visitor, to be present at
an Ordinary General Meeting of the Institution, on writing his
name in a book provided for that purpose, or sending with him
a card signed with his name, according to a form provided.

61. No question shall be discussed, or motion be made, at the
Ordinary General Meetings relative to the direction and manage-
ment of the concerns of the Institution.

62. A Special General Meeting of Members, Associate
Members, and Associates may be called at any time by the
Council for a specific purpose relative to the direction and
management of the concerns of the Institution, and the Council
are at all times bound to call such a meeting on a requisition,
in writing, of ten Members, Associate Members, or Associates,
specifying the nature of the business to be transacted. But such
Special General Meeting of Members, Associate Members, and
Associates shall have no power to make, alter, revoke, or dispense
with any Article whatsoever, such power being vested only in a
Special General Meeting of Members.
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63. Members, Associate Members, and Associates shall have
five days' notice of the time appointed by the Council for such
Special General Meeting of Members, Associate Members, and
Associates; and the notice shall specify the nature of the
business to be transacted, and no other business shall
be transacted at that Meeting. All Members, Associate
Members, and Associates, except those disqualified under Article
3b', shall have a right to attend and vote.

64. No one entered on the Register of Members other than
Members, Associate Members, or Associates shall have the right
to vote at any Meeting of the Institution.

LOCAL SECTIONS.

65. The Council may, at their discretion, upon receipt of a
request to that effect from a sufficient number of Honorary
Members, Members, Associate Members, Foreign Members, or
Associates, resident in any district, create a Local Section of
the Institution in such district, and the}' shall also have power
to dissolve such Section at any time after it has been formed.

66. Each Local Section shall be constituted, and its affairs
shall be carried on, in accordance with the rules and regulations
to be laid) down from time to tinie by the Council, and it shall
elect annually for its Chairman or President a Member of the
Institution, who, during his period of office as Chairman or
President of the Section, shall be ex-officio a Member of Council.

67. The Council may, at their discretion, upon receipt of a
request to that effect from any Local Society with objects
iundred to those of the Institution, arrange for the union,
alliance, or incorporation of such Society with the Institution;
and may also if they think fit remit or reduce the entrance fees
of the Members of such Society at the time of union, alliance,
or incorporation.

PROPERTY AND FUNDS.

68. The property and funds of the Institution, and generally
all its personal estate, and all its real estate (if any), m&y be sold
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or disposed of by or according to the order and direction of the
Council, sanctioned by a Special General Meeting of Members,
Associate Members, and Associates.

G9. Any donation in aid of the funds of the Institution may
be accepted by the Council and Treasurer.

70. All the moneys of the Institution in excess of such current
balance in the hands of the Treasurer as the Council shall from
time to time authorise or require the Treasurer to keep in hand
to meet the current expenses of the Institution, shall be invested
in any of the Public Funds or Government Securities, or with the
Commissioners for the Reduction of the National Debt, Deben-
tures, or Debenture Stock, or Preference Shares or Stock of any
British Railway Company paying a Dividend on its Ordinary
Share Capital, the Stocks, Shares, or Debentures of any East
Indian or Colonial Railway or other Company receiving or
entitled to a percentage or fixed Annual Dividend from the
Indian or Colonial Governments, or in the public Stocks or
Funds of any Colony or Dependency of the United Kingdom, or
on Security of Rates of &ny Municipal Corporation, or upon
Real Securities, or in the purchase of Freehold or Leasehold
Hereditaments in England, or in any mode in which Trustees are
or shall be by law, in absence of special direction, authorised
to invest trust moneys under their control.

71. The receipt in writing of the Treasurer, or of such other
Officer or Officers of the Institution as may be authorised by the
Council to receive moneys on account of the Institution, for any
moneys payable to them on account of the Institution, or which
shall in any manner become payable to or for the purposes of the
Institution, shall be an effective and complete discharge for any
such moneys.

72. All moneys, funds, and securities belonging to the
Institution, in the hands or under the control of Trustees, if any,
or the Treasurer or Bankers of the Institution, or for which the
Treasurer or the Bankers may be accountable, may be with-
dirawn therefrom, either pursuant to a Resolution of the Council
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or of a General Meeting, and in such manner as by any such
Resolution shall be from time to time directed.

73. Every paper presented to the Institution, and accepted
for reading or for publication in the Journal, and the copyright
thereof, shall be the property of the Institution, unless there
shall have been some previous arrangement to the contrary. But
the Council, in such cases as they may think fit, shall have
power to release or surrender their rights in respect of any such
paper or the copyright thereof.

74. Each Member of the Council shall be accountable
in respect of his own acts only, and shall not be accountable for
any acts done or authorised to which he shall not have expressly
assented. And no Member of the Council shall incur any
personal liability in respect of any loss or damage incurred
through any act, matter, or thing done, authorised, or suffered
by him, being done in good faith for the benefit of the Insti-
tution, although in excess of his legal power.

75. The Members of the Council shall be indemnified out of
the funds and property of the Institution from and against all
costs, charges, damages, and expenses whatsoever which they or
any of them shall sustain by reason of their respectively
accepting office or acting in execution of the duties or powers
imposed upon or given them by the Articles of Association.

COMMON SEAL.

76. The Council may provide a Common Seal of the Insti-
tution, and make rules for the safe custody of the same, and for
the use thereof, and it shall never be used except by the
authority of the Council previously given, and in the
presence of two Members of the Council at the least, who
shall sign every instrument to which the seal is affixed, and
eveiy such instrument shall be countersigned by the Secretary,
or some other person appointed by the Council.

77. The Institution, acting by the Council, may exercise all
the powers given by the Companies' Seals Act, 1864.



INSTITUTION 03? ELECTRICAL ENGINEERS. 991

NOTICES.

78. A notice may be served by the Council or Secretary of
the Institution upon any Honorary Member, Member, Associate
Member, Foreign Member, Associate, or Student, either person-
ally or by sending it through the post in a prepaid letter
addressed to such Honorary Member, Member, Associate
Member, Foreign Member, Associate, or Student, at his
address, as registered in the books of the Institution.

79. Any notice, if served by post, shall be deemed to have
been served at the time when the letter containing the same
would be delivered in the ordinary course of the post; and in
proving such service it shall be sufficient to prove that the letter
containing the notice was properly addressed and put into the
Post Office.

80. No Honorary Member, Member, Associate Member,
Foreign Member, Associate, or Student, not having a registered
address within the United Kingdom, shall be entitled to any
notice; and all proceedings may be had and taken without
notice to such Honorary Member, Member, Associate Member,
Foreign Member, Associate, or Student, in the same manner as
if he had had due notice.
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SCHEDULE.

A

The Institution of Electrical Engineers.

A B of

being: years of age, and desirous

of admission into THE INSTITUTION OF ELECTRICAL ENGINEERS, we

recommend him, from personal' knowledge, as a person in every

respect worthy of that distinction.

[Here specify distinctly the qualifications of the Candidate.]

On the above grounds, we beg leave to propose him to the

Council as a proper person to be admitted into the Institution,

and in case of election he authorises the Secretary to place his

name on the Eegister of members.

Signed, (C. D.) M.I.E.E., PROPOSER.

„ (E. F.) M.I.E.E., SECONDER.

Dated this day of 1 .

We, the undersigned, concur in the above recommendation,

being convinced that A. B. is in every respect a proper person to

be^admitted into the Institution.

Signed _ . . . . .

The Council, having considered the above recommendation,

present A. B. to be balloted for as

_. - of THE INSTITUTION OF ELECTRICAL ENGINEERS.

Chairman.

Dated day of 1
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AA

The Institution of Electrical Engineers.

A _ _B of

, who 22 years of age on the

day of . ._1— ., being desirous of admission

into THE INSTITUTION OF ELECTRICAL ENGINEERS as a Student, I

recommend him, from personal knowledge, as a person in every

respect worthy of that distinction.

[Here specify distinctly the qualifications of the Gandidate.~\

On the above grounds, I beg leave to propose him to the

Council as a proper person to be admitted into the Institution.,

and in case of election he authorises the Secretary to place his-

name on the Register of Students.

M.I.E.E.
Signed, (C D.) or

A.M.I.E.E.

Dated this day of— 1

The Council, having considered the above recommendation,

present A. B. to be balloted for as a Student of THE INSTITUTION

OF ELECTRICAL ENGINEERS.

Chairman.

Dated day of 1
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B

The Institution of Electrical Engineers.

We, whose names are hereunto subscribed, from personal

knowledge of the Candidate, submit to the Council of THE

INSTITUTION OF ELECTRICAL ENGINEERS the propriety of transferring

A B

of from the class of

in which he is now registered, to the class of_

because

[Here specify distinctly the qualifications of the Candidate.]

Signed this_ . . day of_

(CD.) M.LE.E. (E. F.) M.I.E.E.

We, the undersigned, concur in the above recommendation,

being convinced that A. B. is in every respect a proper person to

be admitted into the class of .

Signed

The Council of THE INSTITUTION OF ELECTRICAL ENGINEERS,

meeting on the_ _ _...'. day of 1 ,

transfer ..

from the class of _to the class of

Signed
Chairman.
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C

The Institution of Electrical Engineers.
SIR,

I have the honour to inform you that on the
day of you were elected of THE INSTITUTION

OF ELECTRICAL ENGINEERS, and I beg to transmit to you a
copy of the Memorandum and Articles of Association of the
Institution.

According to the Articles of the Institution, you are required,
as , to sign the enclosed form and to pay the sum
of , being Entrance Fee £ , and Annual
Subscription £ , within one month of your receipt of this
notice, otherwise your election will be void. These conditions
being complied with, you will be considered as admitted into the
Institution; and any publications or notices to which you are
entitled will be forwarded according to your directions.

I beg to direct your attention to Articles Nos. 28, 34, 35, and
36, and to point tfut that all annual subscriptions become due
on the 1st of January in each year.

I am, Sir, etc.

D

The Institution of Electrical Engineers.
SHI,

I am directed by the Council of THE INSTITUTION OF

ELECTRICAL ENGINEERS to inform you that, upon mature con-
sideration of a proposal which has been laid before them relative
to you, they will call a Special General Meeting thereon, as is
provided for by Article 38 of the Articles of Association of this
Institution. But previous to taking such a step it becomes the
duty of the Council to advise you to withdraw from the Institu-
tion, which can be done on your complying with Article 35.

I am, Sir, etc.
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E

The Institution of Electrical Engineers. •
SIR,

It is my duty to inform you that, by a Eesolution of a

Special General Meeting of Members, Associate Members, and

Associates of THE INSTITUTION OF ELECTRICAL ENGINEERS, which

was held on the day of 1 ,

according to the provisions of Article 38 of the Articles of Associa-

tion, you were declared to be no longer belonging to the Institution.

I am, Sir, etc.

F

The Institution of Electrical Engineers.

Founded 1871. Incorporated 1883.

This is to certify that was admitted a

of THE INSTITUTION OF ELECTRICAL ENGINEERS.

Witness our hands and seal at Westminster

this day of 1

President.

Secretary.

G

The Institution of Electrical Engineers.

I, the undersigned, having been elected a of the

above Institution, hereby request you to register me as a

of the said Institution.


